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February  16  2006-  September  30  2007  (Updated  Report) 


I.  INTRODUCTION. 

PTSD-related  sleep  disturbances  are  often  resistant  to  first-line  PTSD  treatments.  Although  adjunctive 
phannacological  or  behavioral  sleep  interventions  are  often  required  to  adequately  reduce  nightmares  and 
insomnia  in  veterans  with  PTSD,  the  efficacy  and  durability  of  adjunct  sleep  interventions  have  not  been 
formally  evaluated  and  compared.  The  overarching  objective  of  this  study  is  to  investigate  and  compare  the 
efficacy  and  durability  of  adjunctive  sleep-focused  interventions  on  sleep,  daytime  PTSD  symptoms,  and  mood 
in  a  sample  of  90  male  and  female  veterans  who  receive  PTSD  treatment  but  who  continue  to  experience 
nightmares  and  insomnia.  The  proposed  study  will  contribute  to  the  development  of  effective  therapeutic 
strategies  for  PTSD,  and  provide  novel  infonnation  regarding  predictors  of  sleep  treatment  response  in  PTSD. 

II.  BODY. 

Research  accomplishments  associated  with  each  task  outlined  in  the  approved  Statement  of  Work. 

The  tasks  and  timeline  initially  proposed  and  approved  for  Year  1  in  the  statement  of  work  is  provided  here. 
Progress  and  outcomes  on  each  of  the  task  listed  in  Table  1  are  detailed  below. 


Table  1.  Proposed  Task  Timeline 

Year  1  (02/16/1 

16  -  02/15/2006) 

Months 

1-4 

Months 

5-8 

Months 

9-12 

Status 

Task 

Completed 

Personnel  Hiring  &  training 

Completed 

Finalizing  IRB  approvals 

Completed 

Advertisement  development 

Completed 

Order  start-up  supplies  and  material 

Completed 

Subject  recruitment  &  enrollment 

Ongoing 

Randomization  and  treatment  delivery 

Ongoing 

Telephone  Follow-ups 

Ongoing 

Data  safety  and  monitoring  plan 

Ongoing 

Task  1:  Personnel  Hiring  &  Training 

Since  funding  was  awarded  in  February  2006,  all  staff  members  have  been  hired  and  completed  all 
requirements  of  training  in  ethical  conduct  of  research,  research  data  handling  and  protection,  and  conflict  of 
interest  as  requested  by  both  the  University  of  Pittsburgh  and  VA  Pittsburgh  Healthcare  System  (VAPHS) 
Institutional  Review  Board.  Staff  members  described  below  are  personnel  members  who  had  not  yet  been 
identified  at  the  time  the  award  was  granted. 

Douglas  E.  Moul,  MD,  MPH,  D,ABSM.  Dr.  Moul  is  the  study  physician  for  this  study.  Dr.  Moul  is  a  staff 
psychiatrist  at  Western  Psychiatric  Institute  and  Clinic,  and  an  expert  in  self-report  and  polysomnographic 
measurements  of  insomnia.  Dr.  Moul  is  responsible  for  verifying  findings  for  physical  exam  and  blood  tests 
performed  during  the  screening  process  to  ascertain  participants’  fitness  to  participate.  Dr.  Moul  is  also 
responsible  for  all  aspects  related  to  prazosin/placebo  administration  and  clinical  management  of  participants 
randomized  to  the  prazosin/placebo  arms.  He  assists  the  research  coordinator  in  the  consent  process,  so  that  he 
can  accurately  address  questions  raised  by  the  participants  regarding  medications  and  side  effects  or  any  other 
concerns  related  to  medications.  Dr.  Moul  acts  as  the  blind  physician  in  the  treatment  phase  of  the  study. 

Abdul  Hakim,  MSW,  Project  Coordinator.  Mr.  Hakim  Mr.  Hakim  has  received  extensive  training  in 
administering  and  rating  clinical  assessments  and  therapeutic  interventions  to  adolescents  and  adults  with  mood, 

1 


anxiety  and  substance  related  disorders  during  his  prior  employment  at  Western  Psychiatric  Institute  and  Clinic 
as  a  psychiatric  specialty  counselor.  Mr.  Hakim  is  an  OEF  veteran,  with  17  years  of  military  experience  (both 
active  and  reserve).  As  a  Major  in  the  medical  service  corps,  Mr.  Hakim  was  assigned  as  the  Plans  and 
operations  Officer  (G3)  for  TF  44  Med  FWD  and  the  executive  officer  of  the  339  Combat  Support  Hospital.  He 
worked  with  several  combat  stress  detachments  while  deployed  to  Afghanistan  and  used  his  extensive  mental 
health  background  to  help  evaluate,  establish,  treatment,  and  redeployment  procedures  for  assigned  soldiers 
suffering  from  PTSD.  Mr.  Hakim  coordinated  with  Fandstuhl  Regional  Medical  Center  and  Walter  Reed  Army 
Medical  Center  with  the  psychological  evaluations  of  assigned  OEF  veterans  and  established  procedures  to 
assist  and  monitor  these  veterans  after  redeployment  to  their  home  station  units.  His  unique  first-hand 
experience,  and  training  and  experience  in  clinical  psychiatry  provide  him  with  a  strong  clinical  background  and 
understanding  of  this  population.  Mr.  Hakim  is  currently  involved  in  a  an  ongoing  program  for  maintenance  of 
inter-rater  reliability  on  the  CAPS  and  SCID  with  assessors  involved  in  other  research  studies  at  the  Department 
of  Psychiatry  of  the  University  of  Pittsburgh  School  of  Medicine.  He  has  received  detailed  written  information 
for  use  of  each  assessment  instrument,  and  continues  to  receive  updates  as  new  knowledge  and  research 
findings  become  available.  Certification  and  regular  rating  of  audiotaped  assessment  will  continue  to  perform 
for  the  main  outcome  measures.  Mr.  Hakim  participates  in  bi-monthly  supervision  meetings  with  the  Principal 
Investigator,  co-investigators,  and  collaborators  to  discuss  assessment  problems  and  ensure  consistency  in 
handling  them  with  other  research  assessors,  and  with  the  Principal  Investigator.  Mr.  Hakim  also  created  all 
manuals  for  the  studies  Standards  of  Operations  (SOPs)  necessary  for  the  study. 

Naomi  Pittle,  LMSW,  Research  Therapist  (May  06-  March  2007)  Mrs.  Pittle’s  primary  appointment  was  in 
research  at  the  VAPHS  with  the  Mental  Illness  Research,  Education,  and  Clinical  Center  (MIRECC).  To 
concretize  our  collaboration  with  the  VAPHS,  Mrs.  Pittle’s  services  were  under  contract  with  the  University  of 
Pittsburgh.  She  is  currently  acting  as  the  therapist  for  this  study.  Mrs.  Pittle  has  12  years  of  experience  of 
working  with  military  veterans  with  severe  mental  health  disorders  and  with  homeless  veterans.  She  came  to 
our  group  in  May  2006,  and  undertook  a  training  program  in  behavioral  sleep  medicine  consisted  of  didactic 
training;  listening  to  audiotaped  sessions  of  behavioral  treatment  of  comorbid  insomnia  in  PTSD  and  older 
adults;  direct  observations  of  interventions  sessions  targeting  PTSD-related  nightmares  and  comorbid  insomnia. 
She  was  trained  to  deliver  and  8-week  treatment  program  targeting  the  behavioral  treatment  of  insomnia  and 
nightmares  in  combat  veterans  with  PTSD.  She  met  weekly  with  the  PI  for  supervision.  Mrs.  Pittle  also 
completed  the  training  for  administering  the  CAPS,  SCID,  and  SFEEP-SCID.  She  regularly  attended  clinical 
workshops  on  mental  health  issues  related  to  PTSD  in  OIF/OEF  returnees,  and  development  aspects  related  to 
sleep  disturbances.  Mrs.  Pittle  left  our  team  in  March  2007  to  accept  a  full-time  position  at  the  VAPHS  as  a 
social  worker  at  the  Department  of  Emergency  Medicine  at  the  VAPHS. 

Robin  Richardson,  LMSW,  Research  Therapist.  (April  2007  -  now).  Mrs.  Richardson  was  hired  to  replace  Mrs. 
Pittle.  Mrs.  Richardson  is  an  experienced  clinical  social  worker  with  expertise  in  the  behavioral  treatment  of 
anxiety  disorders  including  PTSD.  She  has  also  considerable  experience  in  the  assessment  of  psychiatric 
disorders,  and  has  gain  experience  in  the  assessment  and  diagnosis  of  sleep  disorders  over  the  last  24  months. 
She  initiated  her  training  in  behavioral  sleep  medicine  in  February  2006,  under  the  supervision  of  the  Principal 
Investigator.  Mrs.  Richardson  has  completed  an  intensive  training  workshop  on  the  behavioral  treatment  of 
insomnia  at  the  University  of  Rochester,  NY.  Mrs.  Richardson  has  observed  Dr.  Germain  deliver  a  standard,  8- 
week  cognitive-behavioral  interventions  targeting  primary  insomnia  in  3  patients,  and  has  delivered  this 
intervention  in  12  research  participants  with  primary  or  comorbid  insomnia  as  of  May  2007.  She  completed  the 
training  with  the  PI  to  deliver  the  behavioral  sleep  intervention  targeting  insomnia  and  nightmares  used  in  the 
ongoing  clinical  trial  and  has  conducted  the  intervention  in  3  research  participants  randomized  to  BSI  since  May 
2007. 

Colleen  Walsh,  B.Sc.  Mrs.  Walsh  has  replaced  Mrs.  Gottenneyer  as  the  entry  clerk  for  this  study.  Mrs.  Walsh 
also  assist  the  coordinators  in  preparing  participants’  study  binders,  and  posting  recruitment  flyers. 
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All  research  personnel  also  completed  the  following  training  activities: 


Visit  of  Murray  Raskind,  MD,  consultant.  Dr  Raskind  is  an  expert  on  the  use  of  prazosin  in  military  veterans 
with  PTSD-related  sleep  disturbances,  visited  our  research  group  on  August  7-8  2006.  His  visit  included  a 
seminar  on  the  literature  review  and  update  on  clinical  issues  relevant  to  the  use  of  prazosin  in  veterans  with 
PTSD,  and  a  40-hour  study  group  and  training  session  for  the  study  physicians,  coordinator,  PI,  pharmacy,  and 
psychopharmacology  laboratory. 

Welcoming  home  military  personnel.  The  PI,  coordinator,  and  therapist  attended  the  one-day  seminar  entitled 
“Welcoming  home  military  personnel,  held  at  the  Pittsburgh  VA  on  November  3,  2006.  The  seminar  aimed  at 
training  health  care  professionals  and  workers  of  psychological  and  medical  difficulties  commonly  encountered 
by  OIF/OEF  returnees  and  clinical  and  community  services  available  for  referral  and  care  of  this  cohort  of 
veterans. 

Short  Sleep  Course.  The  Coordinator  and  therapist  attend  a  day-long  training  session  on  the  assessment  and 
treatment  of  sleep  disorders,  offered  by  the  Pittsburgh  Mind  Body  Center  on  December  8,  2006.  This  one-day 
training  course  consisted  in  an  introduction  to  normal  sleep  and  wakefulness  regulatory  mechanisms,  and 
assessment  and  treatments  of  sleep  disorders. 

Staff  members  also  regularly  attend  Grand  Rounds  presentations  held  at  Western  Psychiatric  Institute  and  Clinic 
on  relevant  topics,  such  as  assessment  and  treatment  of  PTSD  in  returning  veterans,  assessments  of  anxiety, 
mood,  grief,  and  sleep  disorders,  and  updates  on  pharmacological  and  non  pharmacological  treatments  of 
anxiety,  mood,  grief,  and  sleep  disorders. 

Task  2:  Finalizing  Ik B  approvals 

This  task  has  been  achieved  despite  initial  delays.  As  previously  explained  to  Dr.  Bart-Knauer,  this  process  is 
complicated  by  the  fact  that  both  the  VAPHS  and  University  of  Pittsburgh  have  distinct  IRB  approvals  process, 
distinct  requirements,  and  separate  processes  for  review  that  do  not  operate  on  the  same  time  line.  Nevertheless, 
finally  approval  for  this  study  was  granted  by  both  institutions  on  February  1,  2006  (VAPHS),  and  on  January 
13,  2006  (University  of  Pittsburgh).  Renewal  of  the  University  IRB  approval  was  submitted  to  both  institutions 
in  September  2006,  to  avoid  delays  in  the  renewal  process.  Approvals  for  the  renewal  was  granted  by  the 
University  on  August  31,  2007;  and  by  the  VAPHS  on  December  27,  2006.  The  IRB  renewal  by  the 
University  of  Pittsburgh  has  been  granted  on  July  24,  2007,  is  currently  under  review  at  the  VAPHS. 

Task  3:  Advertisement  development 

Posters  and  brochures  for  recruitment  were  developed  by  Mr.  Hakim,  the  project  coordinator.  A  press  release 
and  newspaper  advertisements  have  also  been  developed  by  Mr.  Hakim.  Television  advertisements  have  also 
been  developed,  and  aired  on  the  local  television  station  since  December  31,  2006.  All  recruitment  ads  have 
been  reviewed  and  approved  by  the  University  of  Pittsburgh,  VAPHS  IRB,  and  Department  of  Defense  U.S. 
Army  Medical  Research  and  Materiel  Command's  Human  Research  Protection  Office  (HRPO).  We  have  also 
developed  a  website  (http://www.veteranssleep.pitt.edu)  that  provides  information  about  this  research  study. 
The  website  has  already  received  all  necessary  approvals  before  being  launched  in  September  2007. 

Task  4:  Order  start-up  supplies  and  material 

All  material  and  supplies  required  for  the  study  were  ordered  and  available  by  September,  2006.  A  desktop 
computer  for  Mr.  Hakim,  and  a  laptop  computer  for  the  research  therapist  have  been  received,  and  equipped 
with  all  data  protection  software  as  required.  Personal  data  assistants  (PDAs)  have  been  tested,  and  are  now 
equipped  with  the  software  use  for  the  electronic  sleep  diary  developed  by  our  computer  program  expert,  Joseph 
Shields.  Supplies  of  prazosin,  and  gelatine  capsules  are  now  in  stock  at  the  University  Research  Pharmacy. 
Procedures  have  been  established  with  the  University  Research  Pharmacy.  The  randomization  list  was  prepared 
and  delivered  to  the  pharmacy  by  the  research  statistician,  Amy  Begley,  M. Stats. 
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Task  5:  Subject  recruitment  and  enrollment 


Recruitment  was  initiated  on  |Table  1.  Demographic  information  of  participants  who  have  provided| 

October  1,  2006.  Recruitment 
uses  several  venues.  First, 
clinicians  at  the  VAPHS  PTSD 
Clinic  and  OIF/OEF  clinics 
have  received  information  about 
the  study  and  selection  criteria. 

As  requested  by  the  VAPHS 
IRB,  clinicians  can  refer 
patients  to  our  study  by 
providing  recruitment 

brochures,  or  obtaining 
screening  consent  and  a  signed 
HIP  A  A  form  (VA  Form  1045). 

This  process  has  yielded  42 
referrals,  as  of  September  30, 

2007.  While  this  is  an 

appreciable  number  of  referral  given  the  work  load  from  clinicians  who  are  not  typically  involved  in  research 
activities  of  the  VAPHS  clinics,  this  is  significantly  below  3-4  referrals  per  week  initially  anticipated  by  the 
clinicians  at  the  VAPHS.  Therefore,  we  have  significantly  augmented  the  use  of  television  and  newspapers 
advertisements,  and  of  posted  flyers  and  brochures.  These  media  advertisements  have  yielded  contacts  from  292 
other  veterans  between  the  ages  of  18  and  60  years  old  directly  contacted  our  research  team  about  the  ongoing 
study  on  the  treatment  of  sleep  disturbances  in  military  veterans.  Of  the  total  individuals  who  contacted  us,  we 
were  able  to  reach  and  initiate  the  telephone  screen  with  233,  and  to  complete  both  the  telephone  script  and 
screening  telephone  interview  with  159  individuals.  Of  these,  58  were  invited  for  a  consent  visit,  and  42 
showed  up  for  this  visit  and  provided  written,  informed  consent. 


Ethnic  Category 

Sex 

Females 

Males 

Total 

Hispanic  or  Latino 

0 

1 

1 

Not  Hispanic  or  Latino 

4 

37 

41 

Ethnic  Category  Total  of  All  Subjects* 

4 

38 

42 

Racial  Categories 

American  Indian/Alaska  Native 

0 

0 

0 

Asian 

0 

0 

0 

Native  Hawaiian  or  Other  Pacific 
Islander 

0 

0 

0 

Black  or  African  American 

1 

6 

7 

White 

3 

32 

35 

Racial  Categories:  Total  of  All  Subjects 

4 

38 

42 

Table  1  presents  the  demographic  of  the  42  individuals  have  provided  written,  informed  consent  for  this  study 
as  of  September  30,  2007.  Of  the  participant  of  provided  written,  informed  consent,  24  were  excluded  during 
the  screening  procedures  due  to  poor  compliance  with  study  procedures  (n  =  12:  no-shows  or  no  longer 
interested  or  no  reason  provided  for  withdrawing  participation),  current  untreated  severe  PTSD,  depression,  of 
alcohol  /  substance  use  (n  =  8),  or  sleep  apnea  (n  =  4).  Of  the  remaining  18  participants,  all  completed  the 
baseline  assessments  and  sleep  study,  12  have  been  randomized  to  treatment  (5  to  BSI,  7  to  medication).  Six 
are  currently  completing  the  baseline  assessments.  Three  participants  withdrew  after  randomization:  one 
randomized  to  placebo  withdrew  due  to  side  effects;  one  who  was  randomized  to  prazosin  moved  out  of  state 
two  weeks  into  the  treatment  phase;  and  one  did  not  initiated  treatment  due  to  time  constraints.  Three  have 
completed  the  acute  intervention  phase  and  the  4-month  follow-up  assessments.  One  participant  completed  the 
acute  treatment  phase  and  is  currently  in  the  follow-up  period. 


Task  6:  Randomization  and  treatment  delivery 

Between  November  2006  and  September  2007,  13  individuals  have  been  randomized  (5  to  BSI,  7  to 
medications).  No  deviation  to  the  randomization  or  treatment  delivery  protocols  has  been  reported.  Unexpected, 
adverse  side  effects  have  not  occurred.  Two  participants  randomized  to  medications  withdrew  their 
participations  (1  randomized  to  placebo,  and  randomized  to  prazosin),  and  one  participant  randomized  to  BSI 
withdrew  prior  to  session  1 . 


Task  7:  Telephone  Follow-ups 
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Telephone  follow-up  have  been  completed  in  3  participants.  One  participant  had  initiated  the  follow-up  period. 

Task  8:  Data  safety  and  monitoring  plan 

Since  February  2006,  the  PI  has  held  and  lead  weekly  team  meeting  to  closely  monitor  the  progress  of  the 
study.  After  recruitment  started  in  October  2006,  these  meetings  are  also  used  to  review,  verify  and  achieve 
consensus  on  participants’  eligibility  and  safety  to  participate  in  the  study;  verify  if  any  member  of  team  has 
become  aware  of  the  new  information  that  alters  the  risk/benefit  assessment  of  the  present  study,  verify  that 
confidentiality  has  been  protected  and  no  breach  has  occurred;  and  search  the  literature  on  new  information  that 
may  affect  the  current  assessment  of  the  risk/benefit  ratio.  For  instance,  the  PI  presented  a  peer-reviewed 
article,  published  by  Raskind  et  al.,  entitled,  “A  Parallel  Group  Placebo  Controlled  Study  of  Prazosin  for 
Trauma  Nightmares  and  Sleep  Disturbance  in  Combat  Veterans  with  Posttraumatic  Stress  Disorder”,  published 
in  Biological  Psychiatry,  in  October  2006  to  the  research  team.  The  study  procedures,  dosage  of  prazosin,  side 
effects  and  adverse/unanticipated  events,  and  outcomes  were  carefully  reviewed.  This  new  study  did  not  alter 
our  assessment  of  the  risks  and  benefits  of  the  current  study.  A  recent  review  of  the  literature  on  the  effects  of 
prazosin  on  sleep  disturbances,  by  Dierks  and  colleagues  and  published  in  Annals  of  the  Pharmacotherapy  was 
also  presented  and  discussed  during  the  weekly  team  meeting  in  July  2007. 

The  need  to  reassess  inclusion  and  exclusion  criteria  to  ensure  that  the  right  to  participate  in  research  study  was 
ethically  balanced  against  safety  issues  during  meetings  held  in  April  and  May  2007:  It  rapidly  became  clear  to 
this  group  of  investigators  that  a  significant  portion  of  OIF/OEF  veterans  refuse  or  decline  to  use  medications 
for  posttraumatic  stress  symptoms,  and  are  often  not  optimally  adherent  to  the  treatment  plan  offered  by  the 
primary  care  provider  or  psychiatrist.  Therefore,  we  have  sought  IRB  approvals  to  include  veterans  who  are  not 
on  an  SSRI,  provided  that  the  CAPS  score  is  <  80  and  that  they  not  present  severe  distress  and  impairments. 

A  Data  and  Safety  Monitoring  Plan  Report  is  required  for  all  IRB  renewals.  This  report  was  provided  and 
approved  by  all  IRBs  involved  in  this  clinical  trial. 

A  Data  and  Safety  Monitoring  Board  (DSMB)  is  also  included  in  the  ongoing  clinical  trial,  and  was  convened 
in  April  2007.  The  DSMB  includes  Drs.  Ellen  Frank,  Wesley  Thompson,  and  Terry  Keane.  Summaries  of 
recruitment  results,  study  procedures,  and  any  unexpected/adverse  event  that  were  provided  to  the  members  for 
review.  Recommendations  made  by  the  DSMB  were  incorporated  in  the  research  protocol,  consent  forms,  and 
other  documents  as  necessary.  These  modifications  have  all  been  submitted  for  approval  to  all  IRBs  involved  in 
the  present  trial.  A  list  of  recommendations  and  actions  taken  is  provided  in  the  DSMB  report  provided  in 
Appendix  III. 

Problems  in  accomplishing  any  of  the  tasks. 

Recruitment  posed  a  challenge  in  the  present  study  in  the  first  8  months  of  the  award.  The  primary  barrier 
encountered  for  recruitment  relates  to  the  initially  target  recruitment  sites.  We  initially  proposed  to  recruit 
veterans  mostly  from  the  local  VA  clinics  by  using  advertisement  posters  and  brochures,  and  via  referral  from 
VA  clinicians  at  the  local  PTSD  and  OIF/OEF  clinics.  This  currently  strategy  provides  an  average  of  4  patients 
per  month,  for  a  total  of  20  since  October  8,  2006  which  is  clearly  not  sufficient,  and  below  the  expected  20  or 
more,  based  on  estimates  provided  by  our  VA  collaborators  prior  to  the  award  proposal  submission. 

Another  barrier  encountered  for  recruitment  relates  to  the  fact  that  prazosin,  the  experimental  medication  in  the 
present  study,  is  commonly  used  by  psychiatrists  and  physicians  at  local  VA  clinics.  To  date,  9  potential 
participants  who  were  referred  to  us  from  these  clinics  were  already  on  prazosin  for  several  weeks  at  low  doses 
(e.g.,  1  to  6  mg)  with  minimal  or  no  improvements  in  nightmares  and  insomnia  (the  expected  effective  doses 
typically  range  between  6mg  and  10  mg,  according  to  published  reports).  These  individuals  were  not  willing  to 
be  randomized  to  prazosin  if  they  participated  in  the  study,  despite  our  best  efforts  to  provide  education  and 
information  regarding  different  dose  increase/decrease  schedule  for  prazosin,  and  associated  risks  involved  in 
the  present  study. 
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Finally,  the  launching  of  recruitment  efforts  was  slightly  delayed  due  to  extended  time  required  for  submission, 
review,  and  obtaining  approvals  from  to  institutional  review  boards  (IRBs)  from  the  University  of  Pittsburgh 
and  VA  Pittsburgh  Healthcare  system,  which  operate  on  some  significant  different  and  timelines.  As  soon  as 
approvals  were  secured  from  both  IRBs  and  the  DoD,  recruitment  efforts  were  initiated. 

To  overcome  these  difficulties,  we  have  used  the  following  strategy: 

1 .  Given  the  insufficient  flow  of  veterans  coming  for  VA  clinics,  we  have  used  public  media  to  advertise  and 
recruit  veterans  since  December  2006.  A  series  of  television  ads  is  being  conducted  for  two  weeks,  every  five 
weeks.  Newspapers  and  television  ads  proved  to  be  a  successful,  cost-efficient  means  to  recruit  veterans.  The 
first  series  of  ads  lead  a  total  to  of  75  additional  contacts  in  over  2  weeks,  and  continues  to  produce  10  to  20 
calls  per  advertisement  period.  Televisions  and  newspapers  advertisements  have  now  become  our  primary 
mode  of  recruitment,  while  we  continue  to  inform  VA  clinicians  of  the  ongoing  study. 

2)  The  PI  attends  weekly  team  meetings  at  the  PTSD  clinic,  and  regularly  visit  the  OIF  clinic  and  discuss  with 
clinicians  about  the  ongoing  research  study  and  the  fact  that  one  aim  is  to  compare  the  effects  and  durability  of 
prazosin  compared  to  a  behavioral  interventions.  We  seek  feedback  and  infonnation  regarding  factors  that 
interfere  with  referring  potential  individuals  to  our  research  study.  While  clinicians  clearly  support  our  research 
efforts,  the  integration  of  research  into  this  clinic  setting  is  a  new  concept.  We  believe  that  regular,  on-site  visits 
and  discussions  with  clinicians  will  foster  more  frequent  referrals  to  our  study. 

3)  The  collaboration  with  the  VAPHS  is  much  more  complex  than  initially  outlined,  and  administrative 
requirements  that  differ  between  the  University  and  the  VAPHS  have  impeded  recruitment  efforts  due  to 
restrictions  regarding  which  staff  member  can  or  cannot  interact  with  a  given  research  participant.  Therefore, 
we  submitted  a  modification  request  to  both  IRBs  (VAPHS  and  University)  to  have  two  consent  forms  for 
participants  recruited  from  the  VA,  and  participants  who  are  not  recruited  from  the  VA.  This  modification  was 
reviewed  by  all  IRBs  involved,  and  approved.  This  allows  all  University-approved  staff  to  screen,  assess,  and 
administer  research  treatments  to  research  participants  who  are  recruited  via  public  advertisements,  whereas 
only  VA  credentialed  staff  will  interact  with  research  participants  who  are  recruited  by  VA  clinicians.  While 
the  research  protocol  remains  the  same,  and  while  the  content  of  the  consent  form  is  identical,  a  separate 
consent  forms  by  used  for  research  participants  who  are  recruited  from  VA  clinicians,  and  individuals  who 
contact  us  from  public  advertisements.  Several  reasons  made  this  change  necessary  in  order  to  improve 
recruitment.  According  to  the  VAPHS  IRB  regulations,  the  majority  of  the  research  staff  at  the  University  do 
not  meet  competency  requirements  for  research.  At  the  VAPHS,  credentialing  requires  and  a  very  different, 
relatively  lengthy  process  (but  similar  in  content)  and  exhaustive  credentialing  procedures  for  research  study 
staff.  This  credentialing  process  is  required  before  research  staff  can  be  in  contact  with  research  subjects  and 
research  data.  We  understand  that  this  credentialing  process  that  is  derived  from  clinical  care  practices,  and  may 
be  necessary  given  that  boundaries  between  research  and  clinical  care  within  the  same  VA  entity  may  be 
blurred  at  times.  However,  in  the  context  of  the  current  research  study  which  is  conducted  at  University,  with 
the  PI  who  is  not  VA  clinician  or  research,  and  with  research  staff  hired  by  and  working  at  the  University,  it  is 
not  feasible,  for  budgetary,  time,  and  logistical  reasons  to  submit  the  University  research  staff  to  VA 
credentialing  requirements.  Hiring  VA  research  staff  is  not  possible  given  the  budgetary  limitations,  and  again, 
higher  costs  associated  with  VA  research  compared  to  the  University  research  costs.  Some  of  the  research  staff 
has  completed  the  required  credentialing  process  at  the  VAPHS.  However,  the  amount  of  time  dedicated  to 
these  administrative  issues  cannot  be  dedicated  to  active  recruitment  of  research  participants.  Given  that  the 
majority  of  research  participants  are  not  recruited  from  the  VA,  this  investment  of  time  and  efforts  is  not 
justified.  While  the  personnel  who  are  currently  credentialed  will  maintain  their  credentials  for  participants  who 
are  VA  patients,  a  clearer  separation  between  requirements  for  VA  and  non-VA  participants  will  improvement 
effort  and  staff  management  and  redirect  it  toward  recruitment  efforts  as  it  is  necessary.  The  University  of 
Pittsburgh  approved  this  modification  on  January  31,  2007.  Approval  from  the  VAPHS  IRB  was  granted  on 
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April  4,  2007.  This  request  for  modification  was  submitted  with  our  progress  report  to  the  U.S.  Army  Medical 
Research  and  Materiel  Command's  Human  Research  Protection  Office  (HRPO)  on  Feb  5,  2007,  and  approved. 

KEY  RESEARCH  ACCOMPLISHMENTS. 

None  at  this  time. 

REPORTABLE  OUTCOMES. 

Peer-reviewed  Manuscript: 

In  a  peer-reviewed  paper  in  press  at  Sleep  Medicine  Reviews,  we  have  recently  proposed  a  neurobiological 
model  of  PTSD  as  it  persists  across  the  sleep-wake  cycle  (see  Appendix).  This  award  number  is  acknowledged 
in  this  article. 

Presentations: 

The  following  presentations  regarding  the  scientific  and  clinical  rationale,  design  and  methods  of  our  ongoing 
clinical  trial  were  PI  from  February  2006  until  September  2007.  These  presentations  aimed  1)  educating  the 
scientific  and  clinical  community  involved  in  the  care  of  military  veterans  with  PTSD  about  the  ongoing  clinical 
trial;  2)  promoting  the  importance  of  sleep  in  the  re-adjustment  process  following  redeployment  to  the  USA  in 
OIF/OEF  service  members;  and  3)  enhancing  the  visibility  of  the  study  to  enhance  recruitment. 

Germain  A,  Nofzinger  EA.  Efficacy  of  adjunctive  sleep  interventions  in  for  PTSD.  Abstract  accepted  for  an 
oral  presented  at  the  2006  DOD  Military  Health  Research  Forum,  San  Juan,  Puerto  Rico,  May  2006. 

Brief  Behavioral  Treatment  of  Insomnia  in  Military  Veterans:  A  Pilot  Study.  Multidisciplinary  Sleep 
Conference,  University  of  Pittsburgh,  January  18,  2006. 

Treatment  of  Nightmares  Comorbid  With  Posttraumatic  Stress  Disorder  (PTSD).  West  Virginia  University, 
Department  of  Behavioral  Medicine  and  Psychiatry,  Clinical  Grand  Rounds,  Morgantown,  WV,  April  12, 
2006. 

Treating  Sleep  Disturbances  in  Military  Veterans  with  PTSD.  Presentation  at  the  Pittsburgh  VA  Brown  Bag 
Lunch  Seminar. 

Efficacy  of  Adjunctive  Sleep  Interventions  in  PTSD.  Invited  presentation  for  the  VISN-4  MIRECC  External 
Advisory  Board,  April  24,  2007. 

Correlates  and  treatments  of  sleep  disturbances  in  PTSD.  Young  Investigator  Lecture  Series,  Western 
Psychiatric  Institute  and  Clinic,  October  12,  2007. 

Funding  applied  for  based  on  work  supported  by  this  award: 

•  Early  in  the  course  of  our  ongoing  clinical  trial,  we  have  found  that  a  considerable  number  of  military 
veterans  report  insomnia  related  to  post-deployment  adjustment  disorders,  but  do  not  meet  diagnostic 
criteria  for  PTSD.  Therefore,  we  have  developed  and  submitted  an  R34  proposal  aimed  at  adapting  and 
testing  a  brief  behavioral  treatment  of  insomnia  previously  developed  by  our  team  over  the  course  of 
another  study  funded  by  National  Institutes  of  Mental  Health  (NIMH)  (AG20677).  Preliminary  findings 
on  the  efficacy  of  this  brief  behavioral  treatment  of  insomnia  are  provided  in  Appendix.  Recruitment 
data  and  clinical  observations  derived  from  the  current  clinical  trial  provided  preliminary  data  for  this 
application.  Our  NIMH  proposal,  entitled  “Brief  Behavioral  Treatment  of  Comorbid  Insomnia  in 
Returning  Veterans”  was  favorably  reviewed  in  April  2007,  and  underwent  second  review  in  October 
2007  (Score  146,  Percentile  16.7%).  Further  information  and  final  decision  regarding  fundability  of  this 
study  at  this  time  is  awaited.  If  not  funded,  this  proposal  will  be  resubmitted  for  re-review  in  March 
2008. 
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•  We  have  submitted  an  Investigator-Initiated  Research  Award  proposal  in  response  to  recent 
announcements  by  the  Department  of  Defense  for  PTSD  research  (W81XWH-07-PTSD-IIRA),  where 
we  propose  to  include  functional  neuroimaging  to  the  ongoing  clinical  trial.  We  propose  to  expand  upon 
personnel  and  infrastructures  set  in  place  for  our  ongoing  clinical  trial  to  create  unique  opportunities  to 
gather  novel  insights  into  a)  the  neurobiological  correlates  of  PTSD  during  sleep  and  of  response  to 
sleep  treatments.  We  also  propose  to  explore  neurobiological  predictors  of  sleep  treatment  response 
across  the  sleep-wake  cycle. 

•  Dr  Germain  is  also  a  co-investigator  on  another  proposal  for  an  Investigator-Initiated  Research  Award 
submitted  in  response  to  recent  announcements  by  the  Department  of  Defense  for  PTSD  research 
(W81XWH-07-PTSD-IIRA)  (PI:  Yuval  Neria,  Ph.D.,  Columbia  University),  and  entitled,  Efficacy  of 
Lunesta  vs.  Cognitive  Behavioral  Treatment  of  Insomnia  in  OIF/OEF  veterans.  Preliminary  data 
regarding  the  feasibility  of  using  actigraphy  in  OIF  /OEF  veterans  for  8  consecutive  weeks  were  drawn 
from  our  ongoing  award.  The  treatment  manual  used  in  our  ongoing  trial  also  served  as  the  basis  for  the 
insomnia  treatment  proposed  in  this  project.  Dr.  Germain  will  be  responsible  for  training  and 
supervising  therapists  in  behavioral  sleep  interventions  for  insomnia  in  OIF/OEF  returnees  in  this 
proposal. 

•  We  have  submitted  developed  and  submitted  an  R21  proposal  to  NIMH  aimed  at  exploring  the 
neurobiological  underpinnings  of  PTSD  during  REM  sleep  relative  to  wakefulness.  This  proposal  is 
entitled,  “ Neurobiological  Correlates  of  REM  sleep  in  PTSD ”,  awaits  review  at  NIMH,  which  is 
scheduled  for  October  25,  2007.  Recruitment  data  derived  from  the  current  clinical  trial  provided 
preliminary  data  for  this  application. 

Research  training  activities  conducted  under  this  award: 

•  Jason  Munsie,  BA,  Masters  student  in  social  work  (September  2007-August  2007).  Mr.  Munsie 
completed  a  research  internship  required  as  part  of  the  Masters’  Program  in  Social  Work  at  the 
University  of  Pittsburgh  with  our  research  team  under  the  close  supervision  of  the  PI.  During  his 
internship,  Mr.  Munsie  assisted  the  research  coordinator  in  maintaining  SOPs  and  tracking  recruitment 
and  enrollment  data.  He  completed  extensive  training  in  the  assessment  of  sleep  and  psychiatric 
disorders. 

•  Miriam  Stoll  is  a  student  at  the  University  of  Pittsburgh,  Department  of  Psychology  who  completed  her 
undergraduate  research  project  under  the  supervision  of  Dr.  Gennain,  between  September  2006  and 
April  2007.  She  conducted  a  comparative  study  on  the  prevalence  and  severity  of  grief  symptoms  in 
OIF/OEF  and  Vietnam  veterans  using  data  collected  during  the  screening  phase  of  the  ongoing  clinical 
trial.  This  preliminary  analysis  indicated  that  bereavement  is  highly  prevalent  in  returning  veterans  and 
that  the  severity  of  daytime  PTSD  symptoms  and  of  sleep  disturbances  do  not  differ  in  these  two  cohorts 
of  veterans.  These  findings  were  presented  as  a  poster  at  the  annual  Psychology  Research  Day  of  the 
University  of  Pittsburgh  (April  2007). 

•  Ryan  Stocker  is  a  student  at  Slippery  Rock  University,  Department  of  Psychology,  who  completed  her 
undergraduate  research  project  under  the  supervision  of  Dr.  Germain  between  May  and  August  2007. 
Mr.  Stocker  is  also  an  OIF  veteran.  During  his  research  internship,  he  conducted  a  literature  review  on 
the  co-occurrence  of  PTSD  and  traumatic  brain  injury  in  military  veterans. 

CONCLUSION. 

At  this  point  in  time,  we  have  achieved  all  goals  initially  set  in  our  statement  of  work  and  task  timeline  for  the 

first  20  months  of  the  award.  Recruitment  has  been  delayed  and  accrued  at  a  slower  pace  than  initially 
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anticipated  for  clinician-initiated  referrals  to  the  study.  However,  we  have  rapidly  changed  our  recruitment 
strategy  and  continue  to  seek  opportunities  to  collaborate  effective  with  our  colleagues  at  the  VAPHS  to 
facilitate  and  enhance  recruitment  of  military  veterans  with  sleep  disturbances  to  our  research  program.  No 
unexpected  adverse  events  have  been  reported,  and  all  but  two  participants  to  date  who  were  randomized  to  one 
of  the  three  treatment  arms  completed  the  protocol  with  minimal  difficulties.  Three  participants  withdrew  after 
randomization.  We  continue  to  explore  new  and  creative  venues  to  enhance  recruitment  efforts  and  success,  and 
to  actively  seek  opportunities  to  expose  the  study  publicly  via  television  interview  on  sleep  and  PTSD,  and 
television  and  newspapers  advertisement. 
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Study  Objectives:  Insomnia  is  a  chronic  and  prevalent  sleep  disorder 
in  adults  older  than  65  years.  Hypnotics  raise  safety  concerns  in  this 
group,  and  standard  behavioral  treatments  are  time  consuming.  This 
preliminary  report  addresses  the  effects  of  a  brief  behavioral  treatment 
for  insomnia  in  older  adults  who  present  with  the  typical  psychiatric  and 
medical  comorbidities  of  aging. 

Methods:  Thirty-five  older  adults  (10  men,  25  women,  mean  age  =  70.2 
±  6.4  years  old)  were  randomly  assigned  to  a  brief  behavioral  treatment 
for  insomnia  (BBTI;  n  =  17)  or  to  an  information-only  control  (1C;  n  =  18) 
condition.  All  subjects  completed  clinician-administered  and  self-report 
measures  of  sleep  quality,  as  well  as  a  sleep  diary,  at  baseline.  Interven¬ 
tions  were  delivered  in  a  single  individual  session  with  a  booster  session 
administered  2  weeks  later.  Postintervention  assessments  were  com¬ 
pleted  after  4  weeks. 

Results:  Significant  improvements  in  self-report  and  sleep  diary  mea¬ 


sures  and  mild-to-moderate  improvement  in  anxiety  and  depression 
were  observed  after  treatment  in  participants  randomly  assigned  to 
BBTI,  as  compared  with  participants  randomly  assigned  to  1C.  At  post¬ 
treatment  assessment,  12  BBTI  participants  (71%)  and  7  1C  participants 
(39%)  met  criteria  for  response.  Nine  BBTI  participants  (53%)  met  cri¬ 
teria  for  remission,  whereas,  in  the  1C  group,  3  participants  (17%)  met 
the  criteria. 

Conclusion:  BBTI  was  associated  with  significant  improvements  in 
sleep  measures  and  in  daytime  symptoms  of  anxiety  and  depression. 
BBTI  appears  to  be  a  promising  intervention  for  older  adults  with  in¬ 
somnia. 
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Insomnia  is  a  prevalent  disorder  among  older  adults  and  a  fre¬ 
quent  complaint  encountered  in  primary  care  clinics.1 3  Because 
more  than  75%  of  patients  with  insomnia  receive  treatment  in  pri¬ 
mary  care  settings,4  finding  effective  interventions  for  this  popu¬ 
lation  that  could  be  delivered  in  primary  care  settings  is  an  impor¬ 
tant  goal  for  aging  and  mental  health  services  research. 

Although  hypnotics  can  be  efficacious  for  the  short-term  treat¬ 
ment  of  insomnia,  their  use  raises  safety  concerns  regarding  side 
effects,  including  cognitive  impairment  and  risks  of  injuries  in  old¬ 
er  adults.6,7  Behavioral  interventions  for  insomnia  may  offer  safer 
alternatives  for  older  adults.  Meta-analyses  support  the  efficacy 
of  stimulus  control'’  and  sleep  restriction6  for  the  behavioral  treat¬ 
ment  of  insomnia7,8  in  both  younger  and  older  adults,9,10  whereas 
sleep  hygiene  has  shown  little  efficacy  when  used  alone. 
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Typically,  behavioral  insomnia  treatments  are  delivered  by 
highly  trained  clinicians  in  individual  or  group  sessions  over  a 
6-  to  8-week  period.  These  resources  may  not  be  readily  available 
or  practical  in  usual  care  settings.  Recent  studies  have  focused  on 
briefer  interventions11,12  and  interventions  that  can  be  delivered 
by  primary  care  nurses.13  We  present  a  study  that  is  a  preliminary 
report  of  findings  from  an  ongoing  study  of  a  brief  behavioral 
treatment  of  insomnia  (BBTI)  in  older  adults  with  the  typical  psy¬ 
chiatric  and  medical  comorbidities  associated  with  aging. 


Commentary  Follows  on  Pages  407-408 


METHODS 

Participants 

Participants  were  recruited  from  primary  care  clinics  and  the 
general  public  via  media  advertisements.  Data  collected  from 
participants  enrolled  between  May  2004  and  July  2005  are  in¬ 
cluded  in  the  present  report.  Written  informed  consent  was  ob¬ 
tained  from  all  participants.  Eligible  participants  were  older  than 
60  years  and  met  Diagnostic  and  Statistical  Manual  of  Mental 
Disorders,  Fourth  Edition  diagnostic  criteria  for  primary  insom¬ 
nia  but  without  the  medical  or  psychiatric  exclusion  criteria.  Par¬ 
ticipants  with  stable  medical  or  psychiatric  conditions  were  al¬ 
lowed  to  participate.  The  Charlson  Comorbidity  Index  was  used 
to  screen  for  medical  conditions,14,15  and  the  PRIME-MD  Patient 
Health  Questionnaire  was  used  to  screen  for  mood,  anxiety,  and 
substance  use  disorders.16  Sleep  disorders  were  assessed  using  a 
structured  interview  developed  locally. 
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Individuals  using  prescribed  or  over-the-counter  hypnotics 
were  included  if  they  reported  insomnia  and  agreed  to  continue 
to  use  the  sleep  aids.  Individuals  with  unstable  or  untreated  psy¬ 
chiatric,  medical,  or  sleep  disorders  were  excluded.  This  was  de¬ 
termined  based  on  the  review  of  clinical  data  obtained  during  the 
face-to-face  visit,  in  which  clinician-administered  assessments, 
self-report  measures,  and  the  review  of  medical  charts  were  gath¬ 
ered  from  each  participant.  This  review  was  conducted  during 
weekly  consensus  meetings.  Nine  participants  who  were  found 
to  require  prompt  attention  for  the  presence  of  new  or  worsen¬ 
ing  mood  (n  =  5)  or  anxiety  disorders  (n  =  4)  were  excluded. 
One  participant  was  excluded  during  the  screening  procedures 
for  substance  abuse  disorder,  and  another  was  excluded  due  to 
worsening  of  a  neurodegenerative  disease.  Participants  who  en¬ 
dorsed  symptoms  of  restless  legs  syndrome,  periodic  leg  move¬ 
ment  disorder,  or  delayed  sleep  phase  syndrome  on  most  nights 
associated  with  difficulty  falling  or  staying  asleep  were  excluded 
at  the  clinical  interview  (n  =  5)  and  referred  to  their  primary  care 
physicians  with  specific  recommendations  for  further  evaluation. 
Participants  who  endorsed  symptoms  consistent  with  sleep  apnea 
(e.g.,  snoring,  recalled  or  witnessed  apneas,  subjective  reports  of 
excessive  daytime  sleepiness)  were  referred  to  their  primary  care 
doctors  for  further  evaluation  (n  =  7).  For  some  individuals  who 
reported  symptoms  consistent  with  sleep  apnea,  screening  sleep 
studies  were  conducted;  3  participants  were  excluded  due  to  sig¬ 
nificant  sleep  apnea  (AHI  >  20)  and  referred  to  their  primary  care 
physicians.  None  of  the  participants  included  in  the  present  study 
had  a  diagnosis  of  obstructive  sleep  apnea. 

MEASURES 

Sleep  measures  included  the  Pittsburgh  Sleep  Quality  Index 
(PSQI)17  and  the  Pittsburgh  Sleep  Diary.18  The  PSQ1  is  a  19- 
item  self-report  questionnaire  that  assesses  7  clinically  relevant 
components  of  sleep  quality  (subjective  sleep  quality,  sleep 
latency,  sleep  duration,  sleep  efficiency,  sleep  disturbances,  use 
of  sleep  medication,  and  daytime  dysfunction)  in  the  preceding 
month.  Each  component  is  rated  on  a  0-  to  3 -point  scale  referring 
to  the  composite  score  derived  from  the  frequencies  of  each 
disturbance,  in  which  0  is  equal  to  not  in  the  past  month  and  3 
is  equal  to  3  or  more  times  a  week,  with  a  global  score  range 
from  0  to  21.  The  global  PSQI  score  is  then  the  sum  of  these 
7  component  scores.  A  cut-off  score  of  5  has  been  shown  to 
discriminate  between  good  and  bad  sleepers.17  The  PSQI  has  good 
internal  consistency  (Cronbach  a  =  .83)  and  test-retest  reliability 
(r  =  .85).  The  Pittsburgh  Sleep  Diary  is  a  diary  of  sleep-wake 
behavior  that  comprises  wake  time  and  bedtime  portions.  The 
wake  time  portion  is  completed  upon  awakening  in  the  morning 
and  asks  questions  regarding  the  times  at  which  the  participant 
went  to  bed  and  attempted  to  fall  asleep;  the  number,  cause,  and 
duration  of  nocturnal  awakenings;  the  final  time  out  of  bed;  and 
the  total  estimated  time  spent  asleep  while  in  bed.  The  bedtime 
portion  of  the  diary  is  completed  right  before  bedtime  and  asks 
questions  about  the  preceding  day,  including  the  times  of  meals, 
naps,  and  exercise  sessions;  the  consumption  of  caffeine,  alcohol, 
and  tobacco;  and  the  use  and  doses  of  medications  (prescribed 
and  over-the-counter).  Sleep  diary  measures  of  interest  included 
sleep  latency,  total  sleep  time,  wake  time  after  sleep  onset 
(WASO),  and  sleep  efficiency.  Sleep  efficiency  was  calculated  as 
the  percentage  of  time  spent  asleep  divided  by  the  total  time  spent 


in  bed.  Depression  and  anxiety  were  assessed  by  the  Hamilton 
Rating  Scale  for  Depression19  and  the  Hamilton  Rating  Scale  for 
Anxiety.20  An  independent  assessor  who  completed  these  latter 
clinician-administered  scales  remained  blind  to  participants’ 
assignments.  Participants  were  also  instructed  not  to  discuss  the 
intervention  they  received  with  the  assessor. 

Treatments 

Seventeen  participants  (12  women;  age  mean  ±  SD  70.9  ± 
5.3  years)  were  randomly  assigned  to  receive  BBTI,  and  18  (13 
women;  age  69.6  ±  7.3  years)  were  randomly  assigned  to  receive 
an  information-only  control  (IC)  condition.  The  computer¬ 
generated  blocked  randomization  scheme  was  stratified  by  sex 
and  by  age  (<  74  years  old,  >  74  years  old),  and  the  randomization 
sequence  was  concealed  until  interventions  were  assigned. 

BBTI  participants  received  a  single,  45-minute  intervention 
session  conducted  by  a  masters-level  adult  psychiatric  and 
primary  care  nurse  practitioner  who  had  been  trained  to  deliver 
the  BBTI  intervention.  This  session  included  education  about 
mechanisms  that  regulate  sleep,  factors  that  influence  sleep, 
and  behaviors  that  promote  or  interfere  with  sleep  quality. 
Participants  received  a  workbook  containing  educational  material 
and  treatment  instructions.  Based  on  information  derived  from 
baseline  assessment  of  sleep  diary  measures,  simple  tailored 
instructions  based  on  stimulus  control  and  sleep  restriction  were 
provided  to  each  participant.  Specifically,  4  instructions,  tailored 
for  each  BBTI  participant,  included:  (1)  reduce  time  spent  in  bed 
to  closely  match  your  number  of  hours  of  sleep;  (2)  get  up  at  the 
same  time  every  day  of  the  week;  (3)  do  not  go  to  bed  unless 
you  are  sleepy;  and  (4)  don’t  stay  in  bed  unless  you  are  asleep. 
For  safety  reasons,  the  minimum  time  allowed  in  bed  each  night 
was  6  hours.  Activities  to  be  performed  during  the  day  and  night 
while  awake  were  also  discussed.  Participants  were  instructed  to 
follow  these  instructions  for  the  following  4  weeks.  Two  weeks 
later,  BBTI  participants  returned  for  a  30-minute  booster  session. 
This  second  session  aimed  at  reviewing  educational  material, 
assessing  treatment  adherence,  and  modifying  recommended 
sleep  schedules  if  necessary.  Specific  recommendations  to 
increase  time  spent  in  bed  included:  (1)  increase  time  in  bed  by 
15  minutes  if  the  sleep  latency  is  less  than  30  minutes  and  WASO 
is  less  than  30  minutes  each  night;  (2)  maintain  the  new  time  in 
bed  for  1  week;  and  (3)  increase  the  time  in  bed  by  15  minutes 
if  the  sleep  latency  and  WASO  remain  less  than  30  minutes,  and 
decrease  time  in  bed  by  15  minutes  if  the  sleep  latency  and  WASO 
are  longer  than  30  minutes. 

The  IC  condition  was  intended  to  emulate  the  type  of  behavioral 
instructions  most  primary  care  patients  might  receive.  Participants 
assigned  to  IC  received  3  brochures  published  by  the  American 
Academy  of  Sleep  Medicine  on  insomnia,  sleep  and  aging,  and 
sleep  hygiene.  The  nurse  practioner  also  led  this  session.  The 
subjects  were  instructed  to  read  and  review  the  brochures  over 
the  following  weeks.  Two  weeks  later,  they  received  a  follow-up 
telephone  call  from  the  nurse  practioner  to  answer  questions  that 
may  have  arisen.  Posttreatment  assessments  were  completed  4 
weeks  after  the  first  visit.  After  the  randomly  assigned  intervention, 
IC  participants  were  then  offered  BBTI.  None  of  these  subjects 
are  included  in  the  current  report. 

Treatment  response  was  defined  as  a  reduction  of  3  points  or 
more21  on  the  PSQI  or  an  increase  in  sleep  efficiency  of  at  least 
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10%,  based  on  sleep  diary  measures.  Remission  was  defined  as 
meeting  response  criteria  and  having  a  PSQI  score  of  5  or  less  after 
treatment  or  sleep  efficiency  greater  than  85%  after  treatment.  The 
latter  remission  criteria  reflect  clinical  thresholds  for  identifying 
good  sleepers. 17,22 

Statistics 

Independent  t-tests  were  computed  to  assess  group  differences 
on  baseline  measures  and  on  pretreatment  to  posttreatment  score 
changes  on  sleep  and  clinical  measures.  The  magnitude  of  pre¬ 
treatment  to  posttreatment  changes  was  also  assessed  using  Co¬ 
hen  d  effect-size  coefficients.23 

Specifically,  Cohen’s  d  effect  sizes  were  computed  by  using 
the  mean  change  scores  for  each  treatment  group.  Because  of  the 
paired  design,  conservative  effect  sizes  estimates  were  computed 
using  original  standard  deviations.24  Small,  medium,  and  large  ef¬ 
fect  sizes  are  indicated  by  d  values  of  .20,  .50,  and  .80,  respec¬ 
tively. 

RESULTS 

Thirty-five  participants  (25  women;  age  70.2  ±  6.4  years)  were 
randomly  assigned  to  the  2  interventions.  Mean  insomnia  duration 
was  18.0  years  (SD  =  18.5  years;  range  =  1.3  to  57.7  years).  All 
but  2  participants  were  Caucasian.  No  participant  was  withdrawn 
or  withdrew  after  randomization. 

Eleven  participants  were  recruited  from  primary  care  clinics 
(6  randomly  assigned  to  BBTI,  5  to  IC),  and  24  (11  in  BBTI, 
13  in  IC)  were  recruited  via  advertisements  and  referrals.  The 
treatment  groups  did  not  differ  at  baseline  on  sleep  and  clinical 
measures  (all  p  values  >  .1).  Six  BBTI  participants  and  8  IC 
participants  were  currently  using  hypnotics.  The  mean  number  of 
current  comorbid  medical  conditions  (mean  ±  SD  =  5.2  ±1.7  in 
BBTI  and  6.1  ±  3.0  in  IC)  did  not  differ  between  the  2  groups  (p 
>  .1).  The  most  common  medical  conditions  were  arthritis  and 
joint  diseases  (n=  12  in  BTTI;  n  =  14  in  IC),  irregular  heart  rate 
(n=  3  in  BBTI,  n  =  10  in  IC),  and  high  blood  pressure  (n=  8  in 
BBTI,  n  =  9  in  IC),  bladder  problems  (n=  8  in  BBTI,  n  =  7  in 
IC),  cancer  (  n  =  7  in  both  groups),  and  other  health  problems  (n 
=  10  in  BBTI,  n  =  9  in  IC).  Overall,  most  participants  endorsed 


subthreshold  psychiatric  symptoms  on  the  PHQ.  Ten  BBTI 
participants  and  eight  IC  participants  endorsed  mild  depressive 
symptoms  (PHQ  scores  =  5  to  9).  Two  IC  participants  endorsed 
moderate  depressive  symptoms  (PHQ  scores  =  9  and  10).  The 
most  common  psychiatric  condition  was  generalized  anxiety  (n 
=  8  in  BBTI,  n  =  9  in  IC).  No  participant  met  criteria  for  panic 
disorder.  One  BBTI  participant  and  two  IC  participants  endorsed 
symptoms  consistent  with  generalized  anxiety  disorder  on  the 
PHQ. 

No  adverse  events  were  reported  in  either  treatment  group. 
Pretreatment  to  posttreatment  differences  for  sleep  diary,  PSQI, 
and  clinical  ratings  were  significantly  greater  in  the  BBTI  group, 
compared  with  the  IC  group  (Table  1).  Twelve  of  the  17  BBTI 
participants  (71%)  met  criteria  for  response,  and  9  (53%)  also  met 
criteria  for  remission  after  treatment.  Seven  of  the  1 8  participants 
assigned  to  the  IC  condition  (39%)  met  criteria  for  response,  and 
3  (17%)  met  criteria  for  remission. 

DISCUSSION 

These  preliminary  findings  suggest  that  a  brief  behavioral 
intervention  can  reduce  insomnia  in  older  adults  presenting  with 
the  typical  comorbidities  of  aging.  The  BBTI  group  showed  large 
improvements  in  overall  sleep  quality,  sleep  latency,  WASO, 
and  sleep  efficiency,  as  well  as  marked  reductions  in  depression 
and  small  changes  in  anxiety,  whereas  the  IC  group  did  not. 
Total  sleep  time  was  not  significantly  increased  after  treatment 
in  the  BBTI  group  and  likely  reflects  a  direct  consequence  of 
acute,  mild  sleep  restriction  and  stimulus  control  as  part  of  the 
BBTI  condition.  Of  note,  previous  meta-analyses  have  generally 
reported  small  effect  sizes  and  high  variability  for  the  effects  of 
behavioral  interventions  on  total  sleep  time  in  older  adults.10  In 
a  study  of  the  effectiveness  of  a  6-session  cognitive-behavioral 
treatment  of  chronic  insomnia  in  primary  care  patients,  Espie 
and  colleagues13  observed  minimal  improvements  in  total  sleep 
time  after  treatment  and  a  mean  increase  of  34  minutes  at  a  1- 
year  follow-up  assessment.  An  assessment  of  the  durability  of 
the  observed  therapeutic  gains  associated  with  BBTI  is  currently 
under  way  and  will  clarify  whether  total  sleep  time  increases  at 
follow-up  assessments.  All  other  sleep  measures  indicated  an 
overall  clinically  significant  improvement  in  sleep  consolidation 


Table  1 — Sleep  and  Clinical  Scores  Before  and  After  Intervention  in  the  2  Study  Groups 


Measures 

BBTI  (n 

=  17) 

Information  Control  (n 

=  18) 

Score  Differences 

Before 

After 

Before 

After 

Between  Groups 

Mean 

SD 

Mean 

SD 

Mean 

SD 

Mean 

SD 

Student  t  test 

Cohen  d 

PSQI 

Sleep  Diary 

10.59 

2.67 

6.65 

3.41 

9.94 

3.76 

10.0 

2.70 

-4.06J 

1.37 

SL,  min 

38.32 

30.80 

16.80 

10.03 

29.67 

19.83 

26.85 

22.02 

-2.13* 

.80 

TST,  min 

340.52 

72.15 

333.04 

64.21 

387.08 

74.75 

393.05 

72.72 

-1.79f 

-.63 

WASO,  min 

61.21 

42.66 

27.72 

29.22 

47.91 

27.44 

35.55 

28.59 

-2.28* 

.67 

SE,  % 

76.96 

12.34 

86.82 

10.46 

83.10 

6.79 

86.41 

7.17 

1.84f 

.64 

Depression" 

4.94 

2.86 

2.64 

2.17 

6.53 

3.69 

7.47 

5.19 

-2.11* 

.67 

Anxiety" 

3.24 

1.39 

2.57 

1.91 

3.83 

2.31 

4.47 

4.03 

-0.95 

.34 

BBTI  refers  to  brief  behavioral  treatment  of  insomnia;  PSQI,  Pittsburgh  Sleep  Quality  Index;  SL,  sleep  latency;  TST,  total  sleep  time;  WASO,  wake 
after  sleep  onset;  SE,  sleep  efficiency. 

*p  <  .05 
t-05  <  p  <  .10 
tp<  01 

“Mean  scores  reflect  total  scale  score  minus  sleep-item  scores. 
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after  treatment  in  the  BBTI  group,  reflected  in  improved  sleep 
quality. 

The  magnitude  of  effect  sizes  observed  for  BBTI  on  other 
sleep  variables  (quality,  sleep  latency,  WASO,  sleep  efficiency)  is 
comparable  with  those  reported  for  standard  longer  behavioral  and 
cognitive-behavioral  interventions  for  insomnia.7'9,10  Specifically, 
large  effect  sizes  (d  >  1.00)  for  sleep  quality  and  moderate  to 
large  effect  sizes  for  sleep  latency  (range:  0.52  -  1.00)  and  WASO 
(range:  0.64  to  1.03)  have  been  reported  for  behavioral  treatments 
of  insomnia  in  both  young  and  older  adults.  Effect  size  estimates 
for  sleep  efficiency  are  lower  in  older  adults  (0.38),  compared 
with  younger  ones.10 

These  preliminary  findings  are  consistent  with  previous  studies 
that  have  shown  that  brief  behavioral  insomnia  interventions  can 
be  efficacious13  and  remain  efficacious  in  older  adults  who  present 
with  the  typical  psychiatric  and  medical  comorbidities  associated 
with  aging.  The  response  rate  observed  in  the  present  study  (71% 
for  BBTI)  is  slightly  higher  than  the  response  rate  reported  by 
Edinger  and  colleagues  (38%  to  60%)  3  months  after  a  2-session 
intervention  that  combined  sleep  education,  sleep  restriction, 
and  stimulus  control.11  However,  the  use  of  different  measures  to 
assess  treatment  response  (sleep  efficiency  and  PSQI  scores  in  the 
present  study  vs  sleep  latency  and  WASO  in  Edinger  et  al)  may 
explain  this  difference.  Remission  rates  based  on  achieving  normal 
scores  on  self-report  questionnaires  in  the  study  by  Edinger  et  al 
and  the  present  one  are  nevertheless  similar:  56%  at  the  3-month 
follow-up  and  53%  after  treatment,  respectively. 

This  preliminary  report  has  some  limitations.  Given  the  relatively 
small  sample  size,  it  is  not  possible  to  further  investigate  the 
possible  role  of  concurrent  use  of  hypnotics  or  other  medications 
known  to  affect  sleep  (e.g.,  antidepressants,  P-adrenergic  receptor¬ 
blocking  agents)  on  the  effects  of  BBTI,  nor  is  it  possible  to 
investigate  these  medications  as  possible  moderators  of  treatment 
response  and  remission.  Similarly,  the  number  of  psychiatric  and 
medical  comorbidities  may  also  influence  treatment  outcomes. 
Future  analyses  in  a  larger  sample  will  be  needed  to  assess  the 
possible  effects  of  these  factors  on  BBTI  outcomes.  Nevertheless, 
the  present  preliminary  findings  are  encouraging  and  suggest  that 
BBTI  may  be  amenable  to  use  in  primary  care  settings. 
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Summary  Posttraumatic  stress  disorder  (PTSD)  is  a  prevalent  disorder  that  is 
associated  with  poor  clinical  and  health  outcomes,  and  considerable  health  care 
utilization  and  costs.  Recent  estimates  suggest  that  5-20%  of  military  personnel  who 
serve  in  current  conflicts  in  Iraq  and  Afghanistan  meet  diagnostic  criteria  for  PTSD. 
Clinically,  sleep  disturbances  are  core  features  of  PTSD  that  are  often  resistant  to 
first-line  treatments,  independently  contribute  to  poor  daytime  functioning,  and 
often  require  sleep-focused  treatments.  Physiologically,  these  observations  suggest 
that  PTSD  is  partially  mediated  by  sleep  disruption  and  its  neurobiological  correlates 
that  are  not  adequately  addressed  by  first-line  treatments.  However,  polysomno- 
graphic  studies  have  provided  limited  insights  into  the  neurobiological  underpinnings 
of  PTSD  during  sleep.  There  is  an  urgent  need  to  apply  state-of-the-science  sleep 
measurement  methods  to  bridge  the  apparent  gap  between  the  clinical  significance 
of  sleep  disturbances  in  PTSD  and  the  limited  understanding  of  their  neurobiological 
underpinnings.  Here,  we  propose  an  integrative  review  of  findings  derived  from 
neurobiological  models  of  fear  conditioning  and  fear  extinction,  PTSD,  and 
sleep-wake  regulation,  suggesting  that  the  amygdala  and  medial  prefrontal  cortex 
can  directly  contribute  to  sleep  disturbances  in  PTSD.  Testable  hypotheses  regarding 
the  neurobiological  underpinnings  of  PTSD  across  the  sleep-wake  cycle  are  offered. 
©  2007  Elsevier  Ltd.  All  rights  reserved. 
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47  Introduction 

4q  Posttraumatic  stress  disorder  (PTSD)  is  a  clinical 

syndrome  characterized  by  re-experiencing,  avoid- 
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ance,  and  hyperarousal  reactions  that  persist  for 
more  than  1  month  after  exposure  to  a  traumatic 
event.  Violent  crimes,  including  rape  and  physical 
assaults,  combat  exposure,  and  natural  disasters 
constitute  examples  of  traumatic  events  that  can 
involve  threat  to  integrity  of  the  self  or  others  and 
can  be  accompanied  by  intense  fear,  helplessness, 
or  horror.1  Trauma  exposure  is  not  a  rare  event: 
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more  than  two-thirds  of  the  general  population  is 
exposed  to  at  least  one  traumatic  event  over  their 
lifetime.2  Epidemiological  studies  indicate  that 
community  prevalence  estimates  of  PTSD  range 
from  1%  to  10%, 2,3  with  higher  estimates  reported 
in  victims  of  interpersonal  violence  (20-30%)2~4  and 
combat  veterans  (15-30%). 5  In  veterans  of  the 
current  Operation  Iraqi  Freedom  (OIF)  and  Opera¬ 
tion  Enduring  Freedom  (OEF),  Hoge  et  al.6  found 
that  31%  of  OEF  service  members  and  71-86%  of  OIF 
service  members  reported  multiple  combat  experi¬ 
ences,  and  as  many  as  one  out  of  nine  troops 
returning  from  Afghanistan,  and  one  out  of  six 
troops  returning  from  Iraq  endorse  clinically  sig¬ 
nificant  PTSD  symptoms.6  These  estimates  are 
likely  to  rise  over  time,  as  indicated  in  a  recent 
report  that  indicated  that  33.4%  of  OIF/OEF 
returnees  evaluated  at  VA  Healthcare  facilities 
between  2002  and  2006  met  diagnostic  criteria 
for  mental  disorders,  including  PTSD.7  PTSD  is  often 
a  chronic  condition,  and  is  associated  with  en¬ 
ormous  health  care  costs  in  both  military  and 
civilian  samples.8  Recommended  first-line  treat¬ 
ments  for  PTSD  include  selective  serotonin  reup¬ 
take  inhibitors  (SSRIs),  and  cognitive-behavioral 
approaches  such  as  exposure- based  and  cognitive 
therapy.9,10 

There  is  growing  evidence  that  sleep  disruption 
that  occurs  following  trauma  exposure  may  con¬ 
stitute  a  specific  mechanism  involved  in  the 
pathophysiology  of  chronic  PTSD  and  poor  clinical 
outcomes.  Subjective  and  objective  sleep  distur¬ 
bances  occurring  early  after  trauma  exposure,  as 
well  as  heightened  sympathovagal  tone  during  REM 
sleep,  are  associated  with  an  increased  risk  of 
meeting  criteria  for  PTSD  at  subsequent  assess¬ 
ments  conducted  up  to  1  year  later. 11-1 3  Sleep 
disturbances  are  a  core  feature  of  PTSD.  Night¬ 
mares  and  insomnia  are  diagnostic  symptoms  of 
PTSD,1  and  other  sleep  disturbances  such  as  sleep 
avoidance,  sleep  terrors,  nocturnal  anxiety  at¬ 
tacks,  simple  and  complex  motor  behaviors  and 
vocalizations,  acting  out  dreams,  sleep  apnea,  and 
periodic  leg  movement  disorders  are  also  fre¬ 
quently  reported  and  observed  by  PTSD  pa¬ 
tients.14,15  Additionally,  sleep  disturbances 
independently  exacerbate  daytime  symptoms,  and 
contribute  to  poor  clinical  outcomes  in  PTSD,  such 
as  increased  severity  of  depression,16  suicidality, 16 
and  general  psychiatric  distress,17  poorer  quality  of 
life  and  functioning,17  and  poorer  perceived  physi¬ 
cal  health,18  and  increased  alcohol  and  drug 
use.19,20  While  these  associations  between  sleep 
disturbances  and  poor  clinical  outcomes  are  de¬ 
rived  from  a  posteriori  observations,  they  stress  the 
need  for  prospectively  monitoring  the  possible 


development  sleep  disturbances  in  trauma-exposed 
individuals,  and  the  role  of  sleep  disturbances  as 
mediators  of  the  relationship  between  PTSD  and 
clinical  outcomes.  Finally,  sleep  disturbances  are 
often  resistant  to  recommended  first-line  interven¬ 
tions.21,22  Adjunctive  sleep-focused  pharmacologi¬ 
cal  or  behavioral  interventions  are  commonly  used 
to  alleviate  PTSD-related  nightmares  and  insomnia. 
Of  note,  the  use  of  benzodiazepines  remains  highly 
common  in  PTSD,  possibly  for  alleviating  daytime 
anxiety  symptoms  and  sleep  disturbances,  despite 
the  absence  of  evidence  supporting  their  effi¬ 
cacy.25,26  Effective  treatments  of  nightmares  and 
insomnia  also  associated  with  improvements  in 
daytime  PTSD  symptoms,  depression,  quality  of 
life,  and  perceived  physical  health  (e.g., 23,24,27  see 
also  Ref.  4  for  review).  Together,  these  observa¬ 
tions  raise  the  possibilities  that  (1)  trauma  ex¬ 
posure  directly  alters  sleep-wake  regulation 
mechanisms,  (2)  PTSD  is  partially  mediated  by 
sleep-specific  mechanisms,  and  (3)  normalization 
of  altered  neurobiological  mechanisms  underlying 
sleep  disturbances  in  PTSD  requires  targeted 
treatments. 

The  overarching  goal  of  this  paper  is  to  integrate 
convergent  lines  of  evidence  derived  from  sleep 
neuroimaging  studies  in  related  disorders,  from 
waking  neuroimaging  studies  conducted  on  PTSD 
patients,  and  from  animal  models  of  fear  condi¬ 
tioning  to  provide  a  preliminary  model  and  testable 
hypotheses  of  the  neurobiological  underpinnings  of 
PTSD  during  rapid-eye  movement  (REM)  and  non- 
REM  (NREM)  sleep.  Prior  sleep  findings  in  PTSD 
samples  are  only  briefly  reviewed  here.  Extensive 
critical  review  of  prior  qualitative  and  polysomno- 
graphic  studies  of  sleep  in  PTSD  samples  and  review 
of  pharmacological  and  behavioral  treatments  that 
target  PTSD-related  sleep  disturbances  are  avail¬ 
able  elsewhere.28  30  Findings  derived  from  sleep 
neuroimaging  studies  in  healthy  human  subjects  are 
then  briefly  reviewed.  Because  the  hyperactivity  of 
the  amygdala  and  impaired  function  of  the  medial 
frontal  cortex  are  neurobiological  correlates  of 
PTSD,  which  result  fron^animal  and  human  studies 
suggesting  that  the  amygdala  and  medial  prefrontal 
cortex  directly  influence  the  regulation  and/or 
expression  of  REM  and  NREM  sleep  are  highlighted. 
The  neurobiology  of  fear  conditioning  and  fear 
extinction,  complementary  animal  models  of  PTSD 
in  humans,  their  effects  on  sleep,  as  well  as 
neuroimaging  findings  observed  in  PTSD  samples 
are  also  presented.  Findings  from  these  areas  of 
research  evidence  potentially  significant  dual  roles 
of  the  amygdala  and  medial  prefrontal  cortex  as 
both  critical  structures  involved  in  the  fear 
response  and  PTSD,  and  important  modulatorA  of 


Please  cite  this  article  as:  Germain  A,  et  al.  Sleep-specific  mechanisms  underlying  posttraumatic  stress  disorder:  Integrative  review 
and  neurobiological  hypotheses.  Sleep  Med  Rev  (2007),  doi:10.1016/j.smrv.2007.09.003 


YSMRV  :  468 


1 

3 

5 

7 

9 

11 

13 

15 

17 

19 

21 

23 

25 

27 

29 

31 

33 

35 

37 

39 

41 

43 

45 

47 

49 

51 

53 

55 


57 

59 

61 

63 

65 

67 

69 

71 

73 

75 

77 

79 

81 

83 

85 

87 

89 

91 

93 

95 

97 

99 

101 

103 

105 

107 

109 

111 


ARTICLE  IN  PRESS 


Sleep  in  PTSD 


3 


NREM  and  REM  sleep.  Based  on  thf^  observation 
preliminary  models  and  hypotheses  regarding  po¬ 
tential  neurobiological  correlates  of  PTSD  during 
NREM  and  REM  sleep  are  described. 

An  in-depth  understanding  of  the  sleep-specific 
underpinnings  of  PTSD,  acquired  with  state-of-the- 
science  measurement  methods,  is  essential  to 
guide  for  development,  refinement,  and  testing  of 
innovative  prevention  and  interventions  strategies 
across  the  sleep-wake  cycle.  More  broadly,  better 
empirically  derived  models  of  PTSD  during  sleep 
may  generate  novel  insights  into  the  pathophysiol¬ 
ogy,  prevention,  and  treatment  of  other  adjust¬ 
ment  and  stress- related  disorders,  such  as  those 
affecting  cohorts  of  combat-exposed  military  ve¬ 
terans,  as  well  as  of  victims  of  violent  crimes  and 
terrorist  attacks,  and  survivors  of  natural  disasters. 
Finally,  elucidating  the  neurobiological  underpin¬ 
nings  of  PTSD  during  sleep  can  inform  efforts  to 
identify  the  mechanisms  subserving  resistance  of 
sleep  disturbances  to  first-line  treatments  of  PTSD, 
as  well  as  the  distinct  mechanisms  underlying 
treatment  response  to  sleep  treatments  in  PTSD, 
and  other  stress-related  disorders. 


Sleep  neuroimaging  findings  in  healthy 
human  subjects 

Consistent  with  animal  models  of  sleep  regulation, 
sleep  neuroimaging  studies  in  healthy  humans 
indicate  that  specific  patterns  of  neuronal  activa¬ 
tion  and  deactivation  characterize  NREM  and  REM 
sleep  relative  to  wakefulness.  Specifically,  whole- 
brain  glucose  metabolism  and  blood  flow  are 
reduced  by  30-40%  during  NREM  sleep  in  healthy 
subjects  relative  to  wakefulness.31  NREM  sleep  is 
also  associated  with  relative  reduced  metabolic 
activity  and  blood  flow  in  the  wake-promoting 
areas  including  the  pontine  and  midbrain  reticular 
formation  and  thalamus,  as  well  as  in  associative 
cortices.31,32  A  relative  increase  in  neuronal  activ¬ 
ity  in  regions  involved  in  the  generation  and 
maintenance  of  sleep,  such  as  the  dorsal  pontine 
tegmentum  and  basal  forebrain  has  also  been 
observed.31  Some  studies  have  reported  reduced 
activity  of  paralimbic  cortices,  including  the  ante¬ 
rior  cingulate  gyrus  and  parahippocampal  gyrus 
during  NREM  sleep  relative  to  wakefulness,  whereas 
others  have  not.31  Braun  et  al.32  suggested  that  this 
disengagement  of  paralimbic  structures  and  isola¬ 
tion  of  limbic  structures  (e.g.,  amygdala,  hippo¬ 
campus)  from  other  heteromodal  cortices  may 
facilitate  the  restorative  function  of  NREM 
sleep.31,32  The  pattern  of  neuronal  deactivation 


observed  in  NREM  sleep  relative  to  wakefulness 
suggests  that  NREM  is  an  endogenous  state  of 
attenuated  arousal. 

During  REM  sleep,  whole-brain  glucose  metabo¬ 
lism  is  increased  by  16%  relative  to  NREM  sleep,  and 
non-significantly  different  from  wakefulness  le¬ 
vels.32  REM  sleep  is  characterized  by  increased 
regional  cerebral  metabolic  activity  and  blood  flow 
in  the  amygdala  and  anterior  paralimbic  areas,  and 
with  increased  activity  in  the  medial  pons  and 
thalamus  relative  to  wakefulness. 32-34  Lateral 
prefrontal  cortices,  parietal  cortices,  and  primary 
sensory  cortices  are  further  deactivated  relative  to 
wakefulness  and  NREM  sleep  during  REM  sleep. 
These  selective  activation  and  deactivation  pat¬ 
terns  during  REM  sleep  relative  to  wakefulness  in 
healthy  subjects  have  yielded  the  hypothesis  that 
dreams  may  reflect  the  mental  representations  of 
high  limbic  activations  in  conjunctions  with  deac¬ 
tivation  of  high-order  cortical  regions.34  The 
pattern  of  activation  observed  during  REM  sleep 
suggests  that  REM  sleep  is  an  endogenous  state  of 
heightened  activity  in  emotional  arousal  brain 
centers. 


It  is  clear  from  animal  studies  that  limbic  and 
paralimbic  regions  are  not  among  the  primary 
regulators  of  NREM  and  REM  sleep.35-31  However, 
sleep  neuroimaging  studies  in  humans  have  shown 
that  neuronal  activity  in  amygdala  and  anterior 
paralimbic  cortices  including  the  medial  prefrontal 
cortex  varies  across  the  sleep  wake  cycle.  Although 
the  amygdala  and  medial  prefrontal  cortex  are  not 
primary  brain  sites  involved  in  the  regulation  of 
sleep  per  se,  growing  evidence  suggests  that  both 
regions  are  important  modulators  of  NREM  and  REM 
sleep. 

Neuronal  firing  in  the  amygdala  varies  across  the 
sleep-wake  cycle,  with  higher  firing  rates  during 
wakefulness  and  REM  sleep  compared  to  NREM 
sleep.  In  healthy  human  subjects,  neuronal  activity 
in  the  amygdala  remains  unchanged  or  is  slightly 
reduced  during  NREM  sleep  relative  to  wakeful¬ 
ness,31 ,32,39  and  is  considerably  increased  during 
REM  sleep  compared  to  both  NREM  sleep  and 
wakefulness.  The  amygdala  shares  interconnections 
with  the  basal  forebrain,  hypothalamus,  preoptic 
area  of  the  anterior  hypothalamus,  brainstem 
reticular  formation,  and  solitary  tract  nucleus.  It 
also  shares  reciprocal  connections  with  the  REM-on 


The  amygdala  and  medial  prefrontal 
cortex  as  modulators  of  REM  sleep  and 
NREM  sleep 
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and  REM-off  centers.  Thus,  the  amygdala  is 
anatomically  positioned  to  influence  sleep  via  its 
connection  to  wakefulness-promoting  and  sleep- 
promoting  areas.  Stimulation  of  the  amygdala 
during  REM  sleep  increases  PGO  waves  in  REM  and 
NREM  sleep,40  whereas  inactivation  of  the  amygda¬ 
la  with  tetrodotoxin  decreases  sleep  latency,  and 
increases  slow-wave  activity  during  wakefulness, 
REM  sleep,  NREM  sleep.41,42  Lesions  of  the  amyg¬ 
dala  in  rhesus  monkeys  are  associated  with  in¬ 
creased  sleep  consolidation  and  total  sleep  time, 
and  sleep  consolidation  is  proportional  to  lesion 
size.43 

The  medial  prefrontal  cortex,  and  especially  the 
orbitofrontal  cortex  (OFC),  influence  sleep,  and 
more  specifically  NREM  sleep.  Anatomically,  the 
OFC  has  afferent  and  efferent  connections  with 
sleep-promoting  regions,  including  the  solitary 
tract  nucleus  and  the  ventrolateral  preoptic  area 
(VLPOA).  Electrical  stimulation  of  the  OFC  produces 
EEG  synchrony  and  behavioral  sleep,  whereas 
lesions  and  ablation  of  the  OFC  are  associated  with 
reduced  slow-wave  sleep  and  reductions  in  beha¬ 
vioral  sleep  (see  Ref.  35  for  review).  Neurons  of  the 
subgenual  cingulate  cortex,  another  region  of  the 
medial  frontal  cortex,  increase  their  firing  rate 
during  NREM  sleep  in  rhesus  monkeys.44 

The  role  of  the  amygdala  and  of  the  medial 
prefrontal  cortex  in  modulating  REM  and  NREM 
sleep  in  humans  remains  incompletely  explored. 
However,  and  as  described  below,  functionins^and 
structural  abnormalities  of  the  amygdala  and 
medial  prefrontal  cortex  that  are  suspected  to 
subserve  the  pathophysiology  of  PTSD  may  also 
directly  affect  sleep  NREM  and  REM  sleep  regula¬ 
tion  via  interconnections  between  the  amygdala, 
medial  frontal  cortex,  and  sleep-  and  arousal- 
promoting  brain  regions. 


Neurobiological  correlates  of  fear 
conditioning,  fear  extinction,  and  PTSD 

Pavlovian  fear  conditioning  and  fear  extinction 
paradigms  have  been  proposed  as  animal  models 
of  PTSD.45  Fear  conditioning  arises  when  a  neutral 
stimulus  (e.g.,  light,  tone)  closely  precedes  in  time 
the  occurrence  of  an  aversive,  emotionally  sig¬ 
nificant  event  (e.g.,  shock)  that  will  elicit  a  fear 
response  (e.g.,  freezing).  The  neutral  stimulus  is 
termed  the  conditioned  stimulus  (CS),  and  the 
aversive  event  is  termed  the  unconditioned  stimu¬ 
lus  (UCS).  With  repetition  of  the  association,  the 
neutral  stimulus  (CS)  alone  can  elicit  the  fear 
response,  now  termed  as  the  conditioned  response 


(CR).  With  repeated  presentation  of  the  CS  alone, 
the  conditioned  fear  response  is  attenuated  and 
eliminated.  This  process  is  called  extinction. 

During  acquisition  of  fear  conditioning,  sensory 
information  is  transmitted  to  the  lateral  amygdala 
via  sensory  cortices  and  thalamus.  Information  is 
then  transmitted  from  the  lateral  amygdala  to  the 
central  nucleus  of  the  amygdala,  which  sends 
projections  to  hypothalamic  and  brainstem  regions 
that  subserve  autonomic  and  visceral  fear  re¬ 
sponses.  Rodent  models  of  fear  conditioning,  using 
single-cell  and  multiunit  recordings,  c-fos  activity, 
electrical  or  pharmacological  stimulation,  lesions, 
or  temporary  deactivation  methods  have  shown 
that  the  amygdala  and  medial  prefrontal  cortex 
play  critical  roles  in  both  the  acquisition  fear 
conditioning  and  in  fear  extinction  (see  Ref.  46 
for  review).  Extinction  does  not  replace  or  erase 
the  fear  CR,  but  rather  reflects  new  learning,  which 
competes  with  the  CR.  Recall  of  fear  extinction 
relies  heavily  on  an  intact  infralimbic  cortex  in 
animals,47  which  corresponds  to  the  rostral  anterior 
cingulate  cortex,  medial  OFC,  and  subcallosal 
cortex  (including  the  subgenual  ACC)  in  humans. 
In  healthy  human  subjects,  functional  neuroima¬ 
ging  studies  have  confirmed  the  role  of  the 
amygdala  in  fear  conditioning  (e.g.,  Refs.  48,49), 
as  well  as  in  fear  extinction,  and  increased 
activation  of  the  medial  prefrontal  cortex  during 
fear  extinction  training  and  during  fear  extinction 
recall.50 

Functional  neuroimaging  findings  in  PTSD  pa¬ 
tients  are  also  consistent  with  animal  models  and 
preclinical  studies  of  fear  conditioning  and  fear 
extinction  in  humans.  Specifically,  waking  brain 
imaging  studies  indicate  that  PTSD  is  characterized 
by  hyper- responsiveness  of  the  amygdala  to  threat- 
related  stimuli, 51-56  and/or  blunted  responsiveness 
of  the  medial  prefrontal  cortex,  which  exerts 
inhibitory  control  over  the  amygdala.57,58  Altered 
perfusion  in  limbic  and  frontal  regions  has  also  been 
observed  in  the  absence  of  trauma  reminders. 
Reduced  volume  of  the  anterior  cingulate  has  been 
reported  in  PTSD  subjects  compared  to  non-PTSD 
subjects.59,60  Thus,  reduced  functional  activity  and 
reduced  volume  of  the  ventromedial  prefrontal 
cortex  may  both  yield  reduced  inhibition  of 
hyperresponsive  amygdala  in  PTSD.  Medication-free 
PTSD  subjects  show  increased  fear  conditioning  and 
deficits  in  fear  extinction  compared  to  non-PTSD 
subjects,61  as  well  as  increased  amygdalar  activa¬ 
tion  during  fear  conditioning,  and  attenuated 
activation  of  the  medial  prefrontal  cortex  during 
extinction  compared  non-PTSD  subjects.62 
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Effects  of  fear  conditioning  and  PTSD  on 
sleep 

Animal  studies  have  investigated  the  acute  effects 
of  fear  conditioning  on  sleep  as  a  model  of  the 
physiological  underpinnings  of  sleep  in  PTSD.  While 
this  model  does  not  closely  reflect  the  persistence 
of  sleep  disturbances  long  after  exposure  to  the 
original  trauma  seen  in  human  PTSD,  it  never¬ 
theless  provides  insights  into  the  effects  of  fear 
conditioning  on  sleep  and  their  physiological  sub¬ 
strates.  In  rats  and  mice,  fear  conditioning  in¬ 
creases  REM  sleep  latency,  decreases  REM  sleep 
duration63-65  and  number  of  REM  bouts,66  and 
increases  ponto-geniculo-occipital  (PGO)  waves,  a 
marker  of  alerting  mechanisms  during  sleep  and 
wakefulness  analogous  to  REMs  in  humans.63,65 
Alternatively,  safety  conditioning,  where  animals 
learn  that  they  will  not  be  exposed  to  aversive 
stimuli  in  a  given  environment  or  given  a  specific 
cue  never  paired  with  the  aversive  stimulus,  is 
associated  with  increased  REM  sleep  duration  and 
percent.66 

The  effects  of  cued  fear  conditioning  on  sleep  in 
animals  are  mediated  by  amygdala  projections  to 
brainstem  regions  involved  in  alerting  and  REM 
sleep  generation.65  In  addition,  the  effects  of  fear 
conditioning  on  sleep  appear  to  be  related  to 
heightened  neuronal  activity  of  the  brainstem 
reticular  activating  system  during  sleep.  In  mice, 
fear  conditioning  is  associated  with  increased  c-fos 
expression  in  amygdala,  locus  coeruleus,  and  dorsal 
raphe  nucleus,  but  not  in  the  pontopedunculopon- 
tine  tegmentum  (PPT),  and  laterodorsal  tegmen¬ 
tum  (LDT).67  The  sustained  and  increased  neural 
activity  of  amygdala,  the  locus  coeruleu^  and 
dorsal  raphe  during  sleep  after  fear  conditioning 
disrupts  REM  sleep,  via  maintained  inhibition  of  the 
cholinergic  activity  responsible  for  REM  sleep 
generation  by  increased  activity  of  the  LC  and 
dorsal  raphe  nucleus. 

There  are  no  studies  on  the  effects  of  fear 
extinction  on  sleep  in  animal  models.  However,  the 
relationship  between  sleep  and  fear  extinction  is 
highlighted  by  the  effects  of  sleep  deprivation  on 
fear  extinction  in  rats  and  mice.  Specifically,  sleep 
deprivation  impairs  the  acquisition  of  fear  extinc¬ 
tion.68  Given  that  fear  extinction  relies  heavily  on 
an  intact  medial  prefrontal  cortex,  it  seems 
plausible  that  sleep  deprivation  impairs  fear 
extinction  via  its  effects  on  the  prefrontal  cortex. 
In  an  analogous  manner,  chronic  sleep  disruption  in 
PTSD  interferes  with  fear  extinction  by  further 
impairing  or  exacerbating  impairments  of  the 
medial  prefrontal  cortex. 


No  study  has  yet  investigated  the  neurobiological 
correlates  of  the  effects  of  fear  conditioning  or  fear 
extinction  on  NREM  and  REM  sleep  in  humans. 
Multiple  polysomnographic  studies  that  compared 
PTSD  and  non-PTSD  samples  have  been  conducted. 
Overall,  there  are  discrepancies  regarding  the 
presence  and  nature  of  objective  sleep  distur¬ 
bance.  Some  PSG  studies  in  PTSD  patients  have 
reported  REM  sleep  anomalies,  e.g.,  69-74,  whereas 
other  did  not,  e.g.,75-77  NREM  sleep  anomalies  such 
as  reduced  slow-wave  sleep  have  also  been 
reported  in  some.75  A  recent  meta-analysis  found 
small-^nedium  effect  sizeAfor  increased  REM  density 
and  increased  percentage  of  stage  1  sleep,  and 
reduced  slow-wave  sleep  in  PTSD  compared  to  non- 
PTSD  groups.78  It  has  been  hypothesized  that  REM 
sleep  and  NREM  sleep  mechanisms  can  underlie  the 
production  of  posttraumatic  nightmares,  and  con¬ 
tribute  to  the  pathogenesis  and  maintenance  of 
PTSD. 12,72,79  Heightened  activity  of  REM  sleep 
regulation  centers  and  of  the  amygdala  during 
sleep  have  also  been  suggested  as  neurobiological 
correlates  of  REM  sleep  anomalies  in  PTSD  sub¬ 
jects.79-81  Consistent  with  Revonsuo’s  hypothesis 
that  a  function  of  dreaming  is  threat  simulation  and 
rehearsal  of  motor  patterns  involved  in  escaping 
threats,82  heightened  activation  of  the  amygdala 
may  also  subserve  in  the  occurrence  of  PTSD-  and 
non-PTSD-related  nightmares.81  However,  the  neu¬ 
robiological  correlates  of  REM  sleep  and  NREM  sleep 
in  PTSD,  as  well  as  the  neurobiological  correlates  of 
PTSD-related  nightmares  remain  unexplored. 

In  summary,  the  amygdala  and  the  medial 
prefrontal  cortex  are  involved  in  the  neurobiology 
of  PTSD  and  of  the  effects  of  fear  conditioning  on 
sleep  in  animals,  in  addition  to  the  role  they  play  in 
modulation  of  NREM  and  REM  sleep.  Heightened 
amygdala  activity,  and/or  impaired  medial  pre¬ 
frontal  cortex  function  observed  in  PTSD  patients 
may  adversely  affect  the  regulation  of  NREM  and 
REM  sleep  via  their  interconnections  with  arousal- 
and  sleep-promoting  brain.  Both  REM  sleep  and 
NREM  sleep  are  disrupted  in  PTSD,  but  the 
neurobiology  of  these  sleep  disturbances  in  PTSD 
have  not  been  elucidated  by  polysomnographic 
studies. 


The  study  of  the  neurobiological  correlates  of  PTSD 
during  NREM  and  REM  sleep  offers  a  unique 
paradigm  to  observe  natural  activation  and  deac¬ 
tivation  patterns  in  endogenous  states  of  attenu- 


Neurobiological  hypotheses  of  PTSD 
during  sleep 
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ated  central  arousal  and  heightened  limbic  activity, 
respectively. 

To  further  the  prior  hypothesis  that  sleep 
mechanisms  contribute  to  the  pathophysiology  of 
PTSD,  we  propose  that  REM  sleep  amplifies  altered 
function  of  the  amygdala  and  medial  frontal  cortex 
in  PTSD  patients;  amplification  of  abnormal  amyg¬ 
dala  activation  in  combination  with  reduced  acti¬ 
vation  of  the  medial  prefrontal  cortex  ^ubserve 


nightmares.  Figure  la  depicts  a  preliminary  model 
regarding  neurobiological  correlates  of  REM  sleep  in 
PTSD  subjects  compared  to  healthy  subjects,  and 
relative  to  wakefulness.  It  is  first  hypothesized  that 
heightened  amygdala  activity  (Figure  1b)  and 
blunted  increase  in  activity  of  the  medial  prefron¬ 
tal  cortex  (Figure  1c)  characterize  PTSD  subjects 
compared  to  non-PTSD  healthy  subjects  during  REM 
sleep.  These  changes  have  direct  impact  on 
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Figure  1  Proposed  neurobiological  model  and  hypotheses  of  PTSD  during  REM  sleep,  (a)  Proposed  model  of  PTSD  in  the 
neurobiological  underpinnings  of  PTSD  during  REM  sleep,  (b-e)  Relative  to  wakefulness,  PTSD  patients  (black  lines)  will 
show  increased  activity  of  the  amygdala  and  brainstem  REM-off  regions,  and  decreased  activity  of  the  medial  prefrontal 
cortex  (mPFC)  and  of  brainstem  REM-on  regions  compared  to  healthy  subjects  (dashed  lines). 
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brainstem  REM  sleep  regulation  mechanisms,  such 
as  increased  activity  of  brainstem  REM-off  regions 
(Figure  Id;  LC,  raphe),  and  attenuated  activity  of 
the  brainstem  REM-on  nuclei  (Figure  1e)  PPT/LDG). 
Persistent  activity  of  the  LC  and  raphe  and  related 
inhibition  of  the  PPT  and  LDT  would  be  expected  in 
PTSD  subjects,  and  may  directly  relate  to  REM  sleep 
disruption. 

During  NREM  sleep,  we  propose  that  the  hyper¬ 
activity  of  the  amygdala  and  attenuated  activity  of 
the  medial  prefrontal  cortex  contribute  to  heigh¬ 
tened  whole-brain  neuronal  activity.  Specifically, 


these  changes  may  maintain  or  increase  activity  in 
arousal-promoting  brain  centers,  and  reduce  activ¬ 
ity  in  sleep-promoting  centers.  The  resulting 
pattern  of  persistent  arousal  could  directly  con¬ 
tribute  to  complaints  of  insomnia.  Figure  2  depicts 
the  preliminary  NREM  sleep  model  and  hypotheses 
regarding  neurobiological  correlates  of  NREM  sleep 
relative  to  wakefulness  in  PTSD  patients  compared 
to  healthy  subjects.  Specifically,  it  is  hypothesized 
that  the  relative  persistence  of  amygdala  activity 
(Figure  2b)  and  blunted  activity  of  the  medial 
prefrontal  cortex  (Figure  2c)  during  NREM  sleep 
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Figure  2  Proposed  neurobiological  correlates  of  PTSD  during  NREM  sleep,  (a)  Proposed  model  of  the  neurobiological 
underpinnings  of  PTSD  during  NREM  sleep,  (b-e)  Relative  to  wakefulness,  PTSD  patients  (black  lines)  will  show  increased 
activity  of  the  amygdala  and  wakefulness-promoting  brainstem  and  forebrain  regions,  and  decreased  activity  of  the 
medial  prefrontal  cortex  (mPFC)  and  anterior  hypothalamus  compared  to  healthy  subjects  (dashed  lines). 
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would  be  associated  with  less  deactivation  of 
brainstem  and  forebrain  wakefulness-promoting 
areas  (Figure  2d;  LC,  raphe,  posterior  hypothala¬ 
mus,  thalamus),  and  a  blunted  increase  in  activa¬ 
tion  of  the  anterior  hypothalamus,  and  blunted 
activation  in  sleep-promoting  regions  (Figure  2e), 
such  as  the  anterior  hypothalamus  (which  includes 
the  VLPOA)  and  solitary  tract  nucleus  (although  it 
may  not  be  possible  to  directly  observe  changes  in 
activity  of  small  or  diffuse  nuclei  given  the  limits  of 
spatial  resolution  of  current  neuroimaging  meth¬ 
ods). 

Discussion 

PTSD  is  a  prevalent  disorder  that  is  often  resistant 
to  recommended  treatments,  and  is  associated 
with  enormous  health  care  costs.  Sleep  distur¬ 
bances  are  a  core  feature  of  PTSD  that  are  often 
resistant  to  recommended  first-line  treatments, 
and  independently  contribute  to  poor  clinical  out¬ 
comes.  The  contribution  of  sleep  disturbances  to 
long-term  health  outcomes  and  costs  in  PTSD  is  not 
currently  known,  but  is  likely  to  be  substantial. 
Emerging  evidence  suggests  that  sleep-specific 
mechanisms  underlie  the  neurobiology  of  PTSD. 
However,  the  neurobiological  underpinnings  of 
PTSD,  as  it  persists  across  the  sleep-wake  cycle, 
remain  unexplored  using  sleep  neuroimaging  meth¬ 
ods. 

Sleep  research  in  PTSD  samples  (as  well  as  in 
other  stress-related  disorders  such  as  acute  stress 
disorder,  adjustment  disorders,  prolonged  grief 
disorder)  is  ripe  for  the  broader  use  of  state-of- 
the-science  sleep  neuroimaging  methods  required 
to  identify  the  sleep-specific  neurobiological  un¬ 
derpinnings  of  PTSD,  the  correlates  of  resistance  to 
first-line  PTSD  treatments,  the  predictors  of  re¬ 
sponse  to  sleep-focused  treatments,  and  the 
mechanisms  that  are  normalized  by  effective  sleep 
treatments. 

Future  research  directions  have  direct  clinical 
implications  in  PTSD  and  sleep  research.  For 
instance,  little  is  known  about  the  effects  of  sleep 
deprivation  and  disruption  on  fear  conditioning  and 
fear  extinction  in  healthy  human  subjects  and  in 
patients  with  stress- related  disorders.  Understand¬ 
ing  the  sleep-specific  mechanisms  that  may  facil¬ 
itate  fear  conditioning  and/or  impeded  fear 
extinction  may  be  especially  important  in  samples 
where  trauma  exposure  is  a  likely  event,  such  as 
during  military  deployment,  combat  exposure,  and 
all  emergency  responders.  Further  investigating 
the  role  of  sleep  in  the  consolidation  of  traumatic 
memories  as  well  as  in  processing  emotional  and 


traumatic  material  also  provides  an  ecologically 
valid  paradigm  to  further  expand  cognitive  neu¬ 
roscience  models  of  sleep  and  memory.  More  in- 
depth  models  of  the  sleep-specific  pathophysiolo¬ 
gical  and  neurobiological  underpinnings  of  the 
relationship  between  trauma  exposure,  sleep,  and 
PTSD  can  also  guide  the  development  and  refine¬ 
ment  of  innovative  prevention  and  intervention 
strategies  targeting  sleep  disturbances  in  trauma- 
exposed  and  PTSD  samples.  For  instance,  an  in- 
depth  understanding  of  the  sleep-related  brain 
mechanisms  susceptible  to  disruption  following 
trauma  exposure  and  in  PTSD  may  facilitate 
treatment  optimization  by  combining  treatments 
that  restore  affected  neural  networks,  and/or  that 
enhance  compensatory  mechanisms.  Identifying 
sleep-specific  markers  of  vulnerability  and  resili¬ 
ence  to  chronic,  maladaptive  stress  response  and  of 
sleep-focused  treatment  response  may  create  new 
venues  to  prevent  PTSD  in  high-risk  samples  (e.g., 
combat  veterans,  emergency  workers).  Finally,  the 
nature  of  sleep-specific  predictors  of  treatment 
response  or  failure  to  first-line  PTSD  treatments,  or 
the  underpinnings  of  effective  sleep-focused  phar¬ 
macological  or  behavioral  interventions  have  not 
yet  been  explored. 

In  summary,  the  study  of  the  neurobiological 
correlates  of  PTSD  during  sleep  by  using  state-of- 
the-science  sleep  neuroimaging  methods  opens 
multiple  opportunities  to  identify  the  sleep-specific 
underpinnings  of  this  pervasive  disorder,  which  in 
turn  can  inform  the  development  of  evidence- 
based  interventions  that  normalize  the  underpin¬ 
nings  of  PTSD  across  the  sleep-wake  cycle. 

Practice  points 

1.  Sleep  disturbances  often  develop  into  in¬ 
dependent,  comorbid  sleep  disorders  in 
adults  with  PTSD. 

2.  Complaints  of  sleep  disturbances  in  adults 
with  PTSD  contribute  to  mental  and  physi¬ 
cal  health  outcomes,  including  exacerba¬ 
tion  of  daytime  PTSD  symptom  severity, 
anxiety,  depression,  irritability,  cognitive 
functioning,  and  disability.  Sleep  distur¬ 
bances,  and  potentially  their  more  distal 
consequences,  can  be  significant  amelio¬ 
rated  with  sleep-focused  treatment. 

3.  A  thorough  evaluation  of  the  nature  and 
adverse  impacts  of  sleep  disturbances  on 
daytime  symptoms  and  overall  functioning 
should  be  integral  to  PTSD  evaluation. 

4.  Sleep  disturbances  comorbid  to  PTSD  re¬ 
quire  targeted  interventions. 
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5.  Randomized  controlled  trials  indicate  that 
prazosin  and  nefazodone  can  effectively 
reduce  nightmares  and  insomnia  in  PTSD. 
Other  pharmacological  interventions  such 
as  cyproheptadine,  trazodone,  zaleplon, 
and  zolpidem  may  also  reduce  nightmares 
and  insomnia,  but  formal  clinical  trials  are 
required  to  fully  assess  their  efficacy, 
safety,  and  durability  in  military  and  civi¬ 
lians  PTSD  samples. 

6.  Behavioral  interventions  for  PTSD-related 
sleep  disturbances  such  as  imagery  rehear¬ 
sal,  and  behavioral  insomnia  treatments 
have  received  most  empirical  evidence  for 
efficacy  to  date  in  both  military  and  civilian 
PTSD  samples. 


Research  agenda 

In  order  to  further  refine  our  understanding  of 
the  pathophysiology  of  PTSD  during  sleep  and 
to  translate  these  findings  into  clinical  prac¬ 
tice,  we  need  to: 

1 .  Employ  available  sleep  neuroimaging  tech¬ 

niques  to  identify  and  probe  the  pathophy¬ 
siological  and  neurobiological 

underpinnings  of  PTSD  across  the  sleep- 
wake  cycle. 

2.  Investigate  the  neurophysiological  and  neu¬ 
robiological  mechanisms  that  underlie 
sleep-focused  treatment  response  and  re¬ 
sistance  in  PTSD  patients. 

3.  Develop  and  test  innovative  pharmacologi¬ 
cal  and  cognitive-behavioral  interventions 
that  specifically  target  and  normalize  al¬ 
tered  physiological  and  neurobiological  sys¬ 
tems  that  subserve  sleep  disturbances  in 
PTSD. 

4.  Conduct  mechanistic,  longitudinal  studies 
to  assess  the  independent  effects  of  sleep 
disturbances  on  health  outcomes  in  PTSD. 
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Minutes,  Data  Safety  and  Monitoring  Board 

Efficacy  of  Adjunctive  Sleep  Interventions  for  PTSD  (PR054093) 

April  25,  2007 

DSMB  Members  Present:  Wesley  Thompson  (DSMB  Chair),  Ellen  Frank,  Terrence 
Keane  (via  telephone  conference). 

Others  Present:  Anne  Germain,  Douglas  Moul,  Abdul  Hakim,  and  Colleen  Walsh. 

There  have  been  no  adverse  events  (AEs)  or  serious  adverse  events  (SEs)  to  date. 
However,  Dr.  Germain  cited  a  specific  example  of  concern:  one  subject’s  withdrawal  of 
self  from  the  randomized  medical  treatment  of  the  study.  Dr.  Moul  presented  the 
subject’s  case.  This  subject  had  symptoms  including  dizziness,  headaches,  and  self- 
reported  tachycardia.  Though  this  subject  experienced  the  symptoms  of  the  prazosin 
medication,  he  was  in  fact  randomized  to  placebo.  There  were  multiple  unsuccessful 
attempts  to  contact  the  patient  for  official  study  termination  procedures  by  Dr.  Germain 
and  Abdul  Hakim.  Dr.  Frank  raised  the  issue  of  how  to  prevent  this  type  of  situation  in 
the  future.  It  was  decided  that  there  is  a  need  to  stress  to  the  subjects  that  it  is  important  to 
return  to  the  study  in  order  to  assess  alternative  explanations  for  symptoms,  other  than 
from  placebo  or  study  medication. 

Dr.  Thompson  questi  oned  if  there  were  any  problems  with  the  other  (3)  randomized 
subjects.  Dr.  Germain  presented  that  there  have  been  no  AEs  or  SEs.  Dr.  Gennain  cited 
the  second  subject  randomized  to  the  medical  treatment  of  the  study. 

Dr.  Frank  raised  the  issue  of  why  recruitment  has  been  difficult  for  EASIP  thus  far, 
leading  to  a  discussion  of  the  modification  to  protocol  inclusion  and  exclusion  criteria. 
These  criteria  have  currently  been  modified  as  follows: 

A.  SSRI  criterion  changed  from  the  initial  requirement  of  having  to  be  taking  a 
prescribed  SSRI  in  order  to  be  included  in  the  study  to  there  being  no  requirement 
of  being  on  a  prescribed  SSRI.  However,  currently,  if  the  subject  is  taking  an 
SSRI,  then  he/she  must  have  been  taking  that  particular  dose  of  the  SSRI  for  at 
least  2  months  prior  to  study  enrollment. 

B.  Subjects’  current  medications  prescribed  by  PCP/psychiatrist  changed  from 
having  to  be  taking  that  particular  dose  of  the  medication  up  until  at  least  2 
months  prior  to  study  enrollment  to  having  to  be  taking  that  particular  dose  for  3 


weeks  prior  to  enrollment  in  the  study,  as  determined  by  Drs.  Germain  and  Moul. 
The  reasoning  is  that  some  medications  do  not  interfere  with  the  treatment 
medication  as  much  as  others. 

Dr.  Thompson  raised  the  issue  of  what  the  course  of  action  will  be  when  subject 
medications  are  changed  by  their  PCPs  during  the  course  of  the  study,  as  opposed  to  prior 
to  subjects’  study  enrollment..  Dr.  Germain  agreed  that  this  situation  is  expected  to  occur 
and  there  will  be  attempts  to  educate  the  subjects  on  the  importance  of  reporting  these 
changes  to  the  study  as  soon  as  possible.  Course  of  action  will  be  determined  on  a  case  by 
case  basis. 

Dr.  Thompson  questioned  how  many  VAPHS  subjects  versus  non-VAPHS  subjects  are 
expected  to  be  recruited.  Dr.  Germain  explained  that  there  are  about  3-4  per  month,  less 
that  the  10  per  month  that  was  originally  anticipated. 

Consequently,  Dr.  Frank  raised  the  issue  of  the  removal  of  meeting  the  requirement  for 
PTSD  as  an  inclusion  criterion  for  the  study  and  focusing  more  on  meeting  criteria  for 
sleep  disturbances.  Dr.  Frank  suggested  that  the  protocol  should  require  trauma 
exposure,  not  a  PTSD  diagnosis,  but  that  a  careful  assessment  of  PTSD  should  be 
included. 

The  advisory  board  concluded  that  changing  the  protocol’s  focus  from  PTSD  to  sleep 
disturbances  is  the  best  option  at  this  time,  since: 

A.  Criteria  for  PTSD  are  difficult  to  meet. 

B.  There  is  a  stigma  in  the  military  about  having  mental  illnesses,  so  focusing  on 
sleep  will  be  easier  for  subjects  to  seek  help. 

C.  The  cohort  may  not  meet  criteria  for  PTSD  yet,  but  may  have  meaningful 
sleep  disturbances  at  this  time. 

D.  Dr.  Frank  pointed  out  that  the  symptoms  of  PTSD  are  mostly  the  same 
symptoms  as  sleep  deprivation. 

E.  Dr.  Germain  raised  the  point  that  if  the  sleep  problems  get  under  control,  then 
there  can  be  a  better  idea  of  what  the  PTSD  will  look  like  down  the  road. 

The  next  advisory  board  meeting  was  tentatively  scheduled  for  October  2007.  The  next 
meeting  will  focus  more  on  DSMB  aspects.  It  was  determined  that  the  following  be 
made  available  to  the  DSMB  members  at  the  next  meeting: 

A.  Written  clinical  information  about  each  participant  blind  and  unblind. 

B.  Include  copies  of  the  side  effect  scale  being  used  (Asberg). 

C.  Detailed  information  on  any  adverse  events  or  serious  events. 

Recommendation  of  the  Chair,  Wes  Thompson:  Continue  the  study  with  relaxation  of 
entry  criteria  to  include  patients  exposed  to  trauma  but  not  necessarily  diagnosed  with 
PTSD. 


Wes  Thompson 
DSMB  Chair 

Assistant  Professor  of  Statistics  and  Psychiatry 
University  of  Pittsburgh 


